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(.0\  KK:  Dr.  trank  Lonra^l,  Assistant  Chief  Enftineer  of  the  If  esting- 
house  Electric  and  Manufacturing  Company,  a  pioneer  in 
broadcasting,  tcho  has  been  awarded  the  Lamme  Medal  by 
the  American  Institute  of  Electrical  Engineers.  Dr.  Conrad 
built  the  equipment  icith  ivhich  KDKA  started  broadcasting 
in  D)20:  'I  ht-  Lamme  award,  however,  is  for  his  achievements 
in  the  fields  <>/  electric  metering  and  protective  systems. 
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KEITH  HENNEY 
Editor 


►  TALKING  BOOKS  ...  Ten  thou- 
'.and  talking  books  for  the  blind  have 
been  constructed  with  jfovernment 
funds,  according  to  an  announcement 
by  Mr.  M.  C.  Misrel,  president  of  the 
American  Foundation  for  the  Blind. 
These  machines  are  radio-phonoprraphs 
playinjr  discs,  but  especially  made  to 
brin^r  to  the  blind  the  many  manuscripts 
now  translated  into  wax  records.  The 
records  are  available  from  libraries  act¬ 
inia  as  distributinf?  agencies  for  the 
Library  of  Conprress.  They  are  trans¬ 
ported  by  mail  free  of  charge. 

►  (H’ESTION  .  .  .  Numerous  sub- 
.scribers  to  Electrojiicn  have  requested 
that  means  be  provided  for  keeping  up 
to  date  their  Reference  Sheet  file 
without  the  necessity  of  tearing  the 
monthly  sheets  from  the  magazine.  The 
circulation  department  of  Electronics 
wishes  to  know  how  many  subscribers 
would  be  willing  to  pay  $1  per  year  to 
get  unbound  copies  of  Reference  Sheets 
once  a  year.  If  a  sufficient  subscrip¬ 
tion  list  for  this  service  can  be  pro¬ 
cured  to  bring  down  the  cost  to  the 
above  figure,  the  service  will  be  insti¬ 
tuted.  Address,  H.  C.  Henderson  or 
the  Editor. 

►  TICKER  TALK  .  .  .  The  news  ticker 
reports  that  Dr.  Frank  B.  Jew’ett,  presi¬ 
dent  of  the  Bell  Telephone  Labora¬ 
tories  declared  at  FCC  hearings  that 
he  was  very  skeptical  about  television 
as  a  commercial  thing. 

AT&T  completes  co-axial  cable  be¬ 
tween  New  York  City  and  Philadel¬ 
phia,  tests  circuit  preparatory  to  ac¬ 
tual  service.  Will  it  be  wide  enough 
for  good  television?  It  will  use  crys¬ 
tal  filters  to  separate  many  voice 
channels. 

•Marconi  states  in  trans-ocean  broad- 
ca.st  to  Mr.  SarnoflF,  “We  shall  soon  see 
ea.  h  other  by  television.”  Local  news¬ 
papers  state  that  Senatore  Marconi 
Was  cruising  in  his  yacht  Electra.  Pho¬ 
tographs  from  abroad,  however,  show 
telephone  men  stringing  up  wires  from 


Crosstalk 


the  yacht,  near  shore,  to  a  landed 
station. 

American  Institute  of  Chemical  En¬ 
gineers  in  session  in  Baltimore  rec¬ 
ommend  a  Federal  court  of  patent  ap¬ 
peals  and  that  scientific  advisers  be 
provided  for  patent  courts. 

Science  Service  discovers  the  fact 
that  Drs.  Einstein  and  Bucky  had 
taken  out  patent  No.  2,058,562  on  a 
photoelectric  device  which  automat¬ 
ically  controls  camera  expose  by  mov¬ 
ing  in  front  of  the  lens  a  screen  of 
varying  transparency.  Numerous  pat¬ 
ents  have  been  granted  on  automatic 
schemes  to  control  exposure,  but  none 
have  come  to  successful  commercial¬ 
ization.  The  trouble  is  the  lack  of 
energy  in  the  beam  of  light  to  operate 
the  control  device. 

►  HUNCH  .  .  .  Application  of  the  re¬ 
versed  feedback  principle  to  r-f  ampli¬ 
fiers  was  made  in  the  very  early  days 
of  radio  but  it  was  done  on  an  un¬ 
scientific  basis.  Lately  there  has  been 
much  interest  in  the  Black  circuits 
which  apply  degeneration  to  audio  and 
carrier  frequency  amplifiers  to  reduce 
noise,  decrea.se  distortion  and  improve 
stability.  What  is  neede<l  is  an  excess 
of  voltage  gain.  Now  present  day  r-f 
and  i-f  amplifiers  are  not  operated  near 
full  gain.  Is  it  not  possible  that  nega¬ 
tive  feedback  can  be  applied  to  radio 
receivers  in  these  stages  where  stabil¬ 
ity,  freedom  from  noise  and  other  ad¬ 
vantages  accruing  from  degeneration 
are  not  to  be  sneezed  at? 

►  SUPERSONICS  .  .  .  Interest  in 
ultra-high  audio  frequencies  prompts 
many  inquiries  for  a  bibliography  on 
the  subject.  Readers  are  referred  to  a 
publication  by  Professor  R.  W.  Wood 
and  Alfred  R.  Loomis,  in  The  Philos¬ 
ophy  Magazine,  (7)  4,  p  417—436,  1927. 
Here  is  described  work  with  a  fre¬ 
quency  of  300,000  cycles  and  at  consid¬ 
erable  voltage  which  was  applied  to  a 
quartz  crystal  immersed  in  oil.  Many 


physical  and  biological  effects  are 
described. 

Some  work  is  being  done  at  present 
in  the  use  of  medium  high  frequency 
(3,000  cycles  or  so)  currents  as  an 
anaesthetic  but  nothing  appears  to  be 
available  for  publication. 

►  USELESS  .  .  .  American  Institute 
of  Physics  meeting  at  the  Hotel  Penn¬ 
sylvania  in  New  York  recently  heard 
philanthropists  and  physicists  alike 
berated  for  impractical  aims,  for  “bril¬ 
liantly  useless”  projects.  Millions  of 
dollars  for  200-inch  telescopes  to  look 
into  the  sky  at  night  attracted  the  ire 
of  one  industrialist  who  pointed  out 
that  almost  nothing  was  being  spent 
on  research  on  the  basic  problem  of 
human  shelter. 

►  TEN  LONG  YEARS  AGO  .  .  .  About 
this  time  there  was  much  squabbling 
about  “bloopers.”  For  the  youngsters 
in  the  art,  these  were  radiating  receiv¬ 
ers,  mostly  single  tube  regenerators 
which  created  havoc  in  the  ether  by  not 
only  receiving  signals  but  by  transmit¬ 
ting  them  as  well. 

Now  it  seems  that  there  is  some  dan¬ 
ger  of  blooperitis  again.  Some  of  the 
under-twenty  dollar  radios  have  the  os¬ 
cillator  directly  and  rather  closely 
coupled  to  the  antenna.  One  of  these 
put  a  neat  70  millivolts  into  an  antenna 
and  its  wobbling  signals  could  be  heard 
a  good  mile.  Imagine  one  of  these  beau¬ 
ties  in  a  congested  apartment  house. 

►  MR.  AYLESWORTH  SAYS  .  .  .“Tele¬ 
vision  cannot  be  stopped,  no  more  than 
we  can  stop  progress.  The  motion 
picture  stands  today  in  regard  to  tele¬ 
vision  in  much  the  same  position  as 
the  ice  manufacturers  who  fought  au¬ 
tomatic  refrigeration  and  the  railroads 
who  opposed  interstate  bus  invasion. 
Both  would  now  be  in  enviable  posi¬ 
tions  if  they  had  had  the  foresight  to 
aid  and  encourage  and  cooperate  with 
the  new  developments  in  their  fields.” 


Philco  Shows  441-Line  Television 


First  public  showing  of  new  “high-fidelity”  system  in  Philadelphia  reveals  use  of  4.5  Me. 
sitle-hands,  made  possible  by  a  new  method  of  modulation.  Contrast  between  345-line  and 
441-line  images  demonstrated  by  adjusting  band-width 


WHEN  the  RMA  Committee  on 
Television  testified  before  the 
FCC  last  June  it  recommended  that 
the  standard  television  imajfe  for 
the  United  States  consist  of  441 
lines,  be  sent  30  times  per  second, 
and  consume  a  signal  sideband  2.5 
Me.  wide.  It  was  agreed  that  these 
recommendations  looked  to  the  fu¬ 
ture,  since  the  best  demonstrated 
images  at  the  time  consisted  of  343 
or  345  lines  and  w’ere  .sent  on  a  1.5 
Me.  sideband.  The  change  from  a 
343-line  image  to  a  441-line  image 
was  not  in  itself  dilficult;  in  fact 
the  main  difference  was  the  fre¬ 
quency  of  the  line-synchronizing 
generator,  which  needed  only  to  be 
changed  from  about  10,000  cps  to 
13,000  cps.  But  to  utilize  a  441-line 
pattern  to  the  fulle.st  extent,  each 
line  in  the  image  should  contain  29 
per  cent  more  picture  elements  than 
are  required  for  a  343-line  picture. 
This  increase  in  number  of  lines 
and  picture  elements  gives  a  total 
increase  of  65  per  cent  in  the  re¬ 
quired  band-width,  that  is,  from  1.5 
Me.  to  2.5  Me.  To  effect  this  in¬ 
crease  in  band-width  was  not  easy, 
since  it  involved  circuits  already 
loaded  to  the  limit.  In  particular 
the  problems  of  modulating  a  trans¬ 
mitter  over  this  range  and  of  accept¬ 
ing  the  side-bands  at  the  receiver 
seemed  to  stand  in  the  way. 

Now,  less  than  a  year  later,  prog- 
re.ss  in  both  directions  has  been  re¬ 
ported  by  the  engineers  of  the  Philco 
television  department,  who  demon¬ 
strated  441-Iine  high  definition  pic¬ 
tures  to  nearly  200  members  of  the 
newspaper  and  technical  press  on 
February  11,  at  the  Germantown 
Cricket  Club  in  Philadelphia.  Ac¬ 
cording  to  the  announcement  of 
A.  F.  Murray,  Philco’s  chief  televi¬ 
sion  engineer,  the  highest  modula¬ 
tion  frequency  used  in  the  system 
was  4.5  Me.,  which  is  nearly  twice 
as  great  as  that  recommended  by 


the  RMA  for  a  441-line  picture.  This 
enormous  increase  in  band-width 
means  that  the  pictures  demon¬ 
strated  were  capable  of  furnishing 
over  680  picture  elements  per  line, 
whereas  only  588  elements  are 
needed  to  create  a  horizontal  defi¬ 
nition  equal  to  the  vertical  definition 
of  441  elements.  From  this  point 
of  view,  the  system  lays  claim  to 
the  term  “high-fidelity.” 

The  extremely  wide  range  of  mod¬ 
ulation  at  the  transmitter  is  made 
possible  by  the  use  of  a  new  system, 
developed  by  Mr.  Parker  of  the 
Philco  engineering  staff,  which  is 
described  as  being  neither  grid  nor 
plate  modulation.  Details  of  the 
new  modulator,  which  is  basic  to 
the  whole  system,  are  not  yet  avail¬ 
able  pending  issuance  of  patents. 
The  transmitting  antenna  has  a 
measured  response  without  appreci¬ 
able  attenuation  over  a  range  of 
nearly  5  Me.;  the  carrier  frequency 
is  chosen  so  that  one  side-band  of 
the  signal  coincides  with  this  range 
and  hence  is  not  attenuated. 

At  the  receiver  quasi-single-side- 
band  reception  is  used.  The  head- 
end  circuits  are  carefully  "de-tuned” 
so  that  the  i-f  band-pass  region  is 
centered  over  the  unattenuated  side¬ 
band.  The  i-f  circuits  are  of  excep¬ 
tional  wide  response:  the  over-all 
band-width  response  of  the  receiver 
is  4.5  Me.  at  70  per  cent  of  peak 
response.  Such  a  wide  band  is 
passed,  of  course,  only  at  the  ex¬ 
pense  of  very  low  gains  per  i-f  stage. 
The  entire  receiver  contains  only  26 
tubes,  however. 

The  receivers,  of  which  six  were 
used  in  the  demonstration,  are  fitted 
with  12-inch  cathode-ray  tubes,  pro¬ 
ducing  pictures  about  7.5  by  10 
inches  in  size.  The  screen  mate¬ 
rial,  a  compound  of  zinc  sulphide 
and  other  fluorescent  materials,  pro¬ 
duces  a  black-and-white  image  tinged 
slightly  with  blue. 


The  transmitter  operated  on  49 
Me.  with  a  peak  power  output  of  4 
kilowatts,  giving  a  transmitter  range 
of  about  10  miles  from  an  antenna 
210  feet  above  street  level.  Conven¬ 
tional  two-to-one  interlaced  scanning 
covering  the  field  60  times  per  sec¬ 
ond  was  used,  in  accordance  with 
the  proposed  RMA  standards. 

Contrast  Between  SU5-  and  j^^ldine 
Images  Shown 

The  program  of  the  demonstra¬ 
tion  included  a  variety  of  pick-ups 
from  the  studio,  from  the  roof  of  the 
Philco  plant,  and  from  motion  pic¬ 
ture  film.  Included  in  the  live  talent 
was  Boake  Carter,  radio  commenta¬ 
tor,  who  interview’ed  Connie  Mack, 
manager  of  the  Philadelphia  Ath¬ 
letics,  on  the  prospects  of  the  forth¬ 
coming  base-ball  season.  Also  was 
staged  a  fashion  show,  put  on  by 
Bonwit  Teller  and  carefully  designed 
for  the  delectation  of  hard-boiled 
newspaper  men;  this  feature  empha¬ 
sized  the  commercial  possibilities  of 
the  new  medium.  Of  principle  tech¬ 
nical  interest,  however,  was  a  test 
conducted  at  the  beginning  of  the 
demonstration  for  the  purpose  of 
contrasting  345-line  with  441-line 
definition  in  the  images.  The  change¬ 
over  was  accomplished  by  varying 
the  band-width  of  the  transmitted 
signal,  so  that  while  the  basic  pat¬ 
tern  contained  441-lines  in  both 
cases,  the  detail  present  in  each  line 
could  be  changed  from  that  of  a  345- 
line  image  to  that  of  the  full  441- 
line  definition.  A  convincing  test  of 
the  relative  definition  in  the  two 
cases  was  made  with  an  ordinary 
pocket  watch,  so  placed  before  the 
camera  that  its  reproduction  at  the 
receiver  was  about  life-size.  With 
definition  equivalent  to  345  lines  the 
second-hand  of  the  watch  could  not 
be  discerned,  but  with  the  441-line 
definition  it  was  clearly  visible  and 
could  be  followed  readily. 
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60-megacycle  Teletypewriter 


Bureau  of  Air  Commerce  operates  40-mile,  Washington  to  Baltimore  circuit  with  antennas 
800  feet  below  line-of  sight,  demonstrating  efficiency  of  the  ultra  short  waves  in  giving 
static-free  communication 


Rv  RPX  MARTIN 

More  than  $50,000,000  have  cated  that  reliable  performance  may 

,  ,  ,  ,  t  ,  AsDtstant  Director  o/  Air  Commerce  ,  ,  ,  .  , 

already  been  spent  by  the  waghington,  d.  c.  obtained  over  distances  consider- 

Government  to  provide  an  airways  ably  below  line-of-sijfht,  usinj?  fre- 

system  to  aid  in  navigation  of  air-  the  record  of  performance  has  quencies  as  high  as  80  megacycles, 

craft  to  and  from  various  points  proved  to  be  more  perfect  in  auto-  The  distance  between  the  Wash- 

throughout  the  United  States.  By  matic  transmission  than  it  has  been  ington  and  Baltimore  stations  is  40 

far  the  larger  proportion  of  these  possible  to  obtain  through  the  use  miles  airline,  placing  the  antennas 

funds  has  been  expended  in  provid-  of  land  lines.  A  large  amount  of  approximately  800  feet  below  line-of- 

ing  a  communications  service  to  the  traffic  over  the  Bureau  of  Air  sight.  Horizontally  polarized  trans¬ 
permit  gathering  and  dissemination  Commerce  system  originates  at  va-  mitting  and  receiving  antenna  ar- 

of  weather  information.  This  com-  rious  weather  observing  stations  rays  are  located  atop  125-foot  steel 

munications  service  comprises  ap-  along  the  airways,  and  is  handled  towers  at  each  point.  The  frequen- 

proximately  23,000  miles  and  con-  manually  at  speeds  in  the  neighbor-  cies  in  use  at  Washington  and  Balti- 

sists  about  equally  of  point-to-point  hood  of  30  to  35  words  per  minute,  more  are  61  and  65  megacycles, 

radio  and  land-line  teletype  circuits.  Increasing  the  speed  capability  of  respectively. 

The  cost  of  leasing  the  teletype  cir-  the  system,  in  itself  would  be  of  The  transmitters  are  crystal  con- 
cuits  alone  now  amounts  to  some-  little  value,  since  manual  operation  trolled  and  capable  of  delivering  100 

what  over  $382,000  per  year.  Two  of  the  teletypewriters  limits  the  use-  watts,  modulated  100  per  cent.  The 

years  ago  this  cost  was  30  per  cent  ful  speed  to  that  given  above,  and  crystal  is  a  low  temperature  coeffi- 

more.  In  an  effort  to  reduce  costs  only  the  automatically  transmitted  cient  quartz  plate  at  4062.5  kc.  The 

further,  development  was  started  traffic  originating  at  terminals  would  fourth  harmonic  is  taken  directly 

approximately  two  years  ago  on  the  be  benefited.  An  increase  in  the  from  the  oscillator  and  drives  a 

operation  of  the  teletypewriter  by  number  of  separate  channels,  how-  doubler  stage.  The  32.5  Me.  output 

means  of  radio  circuits.  For  over  ever,  would  be  of  advantage,  but  very  of  the  doubler  is  then  amplified  and 

a  year  and  a  half  a  circuit  has  op-  expensive.  again  doubled  in  another  stage  to 

erated  between  Washington,  D.  C.,  The  ultra-high  frequencies  (above  65  Me.  This  is  followed  by  one  in- 
and  Baltimore,  Maryland,  on  a  24  30  megacycles)  were  previously  termediate  amplifier  at  the  final  fre- 

hour  per  day  basis,  and  today  the  found  particularly  well-suited  for  quency  the  output  of  which  is  used 

only  thing  that  prevents  a  service  communication  over  relatively  short  to  excite  a  push  pull  power  amplifier, 

installation  between  Washington,  distances,  within  line-of-sight,  pri-  A  conventional  class  B  modulator  i.s 

D.  C.,  and  Nashville,  Tenn.,  is  the  marily  due  to  their  freedom  from  used  to  modulate  the  power  ampli- 

allocation  of  suitable  frequencies  by  high  noise  levels  and  absence  of  the  fier.  Separate  mercury  vapor  rei- 

the  Federal  Communications  Com-  reflected  sky  wave.  However,  over  a  tifiers  are  used  for  the  radio  and 

mission.  year’s  operation  of  the  Washington-  audio  frequency  stages.  Power  is 

Simply  stated,  a  radio  circuit  has  Baltimore  radio  teletypewriter  cir-  supplied  to  the  apparatus  at  110  volts 


been  substituted  for  land  wires  and  cuit  at  these  frequencies  has  indi-  60  cycles  single  phase. 
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The  receivers  are  of  the  crystal  The  circuit  at  present  operates  on 
ontrolled  superheterodyne  type,  em-  a  single  channel  basis,  but  provi- 
)loying  one  stage  of  r-f  amplihca-  sion  is  made  for  future  addition  of 
ion,  with  two  concentric  line  prese-  several  other  teletypewriter  chan- 
ection  circuits  and  inductive  coup-  nels  as  well  as  a  voice  channel  for 
ing  to  the  transmission  line.  The  simultaneous  communication  to  air- 
Tystal  controlled  beating  oscillator  craft.  Further  provisions  have  been 
jtilizes  a  10.191  Me.  crystal,  the  third  made  in  the  test  equipment  to  simu- 
larmonic  of  which  is  doubled.  The  late  a  three  station  circuit  with  one 
)utput  of  the  doubler  is  then  used  automatic  repeater  station,  by  trans- 
:o  beat  with  the  incoming  signal  in  mitting  from  Washington  to  Balti- 
;he  frequency  conversion  stage.  Two  more,  automatically  regenerating 
dages  of  i-f  amplification  at  approxi-  the  signal  and  repeating  it  back  to 
nately  4,000  kc.  are  employed.  The  Washington. 

i-f  amplifier  has  a  band  width  of  The  Washington-Baltimore  radio 
about  60  kc.  A  double  diode  triode  teletypewriter  circuit  was  first  dem- 
tube  is  used  as  a  diode  second  de-  onstrated  on  October  Ist,  1936,  to 
lector,  first  a-f  amplifier  and  auto-  the  members  of  the  Radio  Technical 
matic  gain  control.  Resistance-  Committee  for  Aeronautics,  although 
rapacity  coupling  is  employed  be-  it  has  been  in  continuous  operation 
tween  the  first  and  second  audio  experimentally  for  over  one  year  and 
amplifiers.  The  output  of  the  re-  has  proved  to  be  very  reliable.  So 
ceiver  is  transformer-coupled  to  a  successful  has  this  circuit  been  that 
600  ohm  line.  the  Bureau  of  Air  Commerce,  upon 

The  terminal  equipment  comprises  a.ssignment  of  frequencies,  will  pro- 
a  two-section  a-f  filter  having  a  band  ceed  with  the  establishment  of  a 
width  of  approximately  120  cycles,  multi-channel  ultra-high  frequency 
the  output  of  w’hich  is  fed  into  a  circuit  on  the  Washington-Nashville 
constant  level  amplifier  or  automatic  airway.  A  voice  channel  for  corn- 
gain  control,  which  is  capable  of  munication  from  ground  to  aircraft, 
keeping  the  output  level  constant  and  three  60-word  per  minute  tele- 
within  2.5  db.  for  variations  of  in-  typewriter  channels  are  to  be  pro- 
put  of  the  order  of  40  db.  The  sig-  vided.  any  or  all  of  which  can  be 
nal  from  this  amplifier  is  then  rec-  used  simultaneously.  Each  teletype- 
tified  in  a  double  diode  tube,  whose  writer  channel  will  operate  in  a  man- 
rectified  output  feeds  a  d-c  phase  in-  ner  similar  to  the  land  line  circuits, 
verier,  producing  plus  or  minus  d-c 
pulses  at  its  output,  in  accordance 
with  the  teletypewriter  signals. 

These  pulses  trigger  two  gas  dis¬ 
charge  triodes,  which  in  turn  oper¬ 
ate  the  printer  magnet.  Standard 
start-stop  teletype  printers  are  used, 
capable  of  operating  at  60  words  per 
minute.  The  equipment  is  designed 
for  essentially  unattended  operation, 
and  no  adjustments  of  either  trans¬ 
mitting  or  receiving  equipment  need 
be  made  for  periods  extending  over 
several  months. 


i.e.,  traffic  can  originate  at  either 
terminal  or  any  intermediate  station 
on  the  airway,  and  all  stations  will 
receive  copies  of  the  message. 

As  has  been  previously  mentioned, 
the  Federal  Communications  Com¬ 
mission  is  considering  the  allocation 
of  frequencies  which  will  be  involved 
in  the  operation  of  radio  printers. 
This  is  in  the  frequency  band  be- 
tw’een  30  and  200  megacycles.  There 
is.  of  course,  a  great  demand  for 
these  frequencies  both  by  industry 
and  by  Government.  When  one  con¬ 
siders  that  radio  channels  is  the  one 
remaining  national  resource,  it  be¬ 
comes  apparent  that  careful  consid¬ 
eration  should  be  given  to  allotments. 


Possibilities  in  u-h-f  Operation 

In  recent  months  a  wider  recogni¬ 
tion  has  been  achieved  of  the  diffi¬ 
culties  encountered  from  static.  It 
has  become  generally  apparent  that 
radio  range  operation  has  been  con¬ 
sistently  reliable,  but  that  receiving 
ability  is  limited  under  certain  static 
conditions.  Operation  of  the  radio 
teletypewriter  circuit  between  Balti¬ 
more  and  Washington  on  ultra-high 
frequencies  has  been  uniformly  ex¬ 
cellent,  and  static  which  w’ould  block 
out  an  ordinary  receiver  has  had  no 
appreciable  effect  on  transmission  on 
this  frequency  band.  It,  therefore, 
seems  possible  that  a  radio  receiver 
can  be  developed  using  the  ultra- 
high  frequencies  which  will  not  be 
affected  by  static.  Nothing  of  a  defi¬ 
nite  character  is  known  at  the  pres¬ 
ent  W’hich  would  permit  me  to  make 
the  statement  that  this  is  true,  but 
sufficient  experimental  work  has  been 
done  to  indicate  that  the  possibilities 
for  success  along  this  line  are  very 
great. 


Block  diagrams  of  electrical  circuits,  at  left. 
Antennas  and  typewriter,  below 
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A  Condenser  Tracking  Test  Set 


In  any  but  the  simplest  receivers,  accurate  tuning  over  the  haml.  or  hands,  is  predicated 
upon  the  near-exact  similarity  of  capacity  of  tlie  gang  tuning  condenser  sections 


By  JOSEPH  L.  ROEMISCH, 


M'csfrrn  Electric  Company,  Inc.,  Kearny  Plant,  Engineering  Department,  Padio  and  Inntrument  Ehop 


PRACTICALLY  every  radio  re¬ 
ceiver  manufactured  today  uses 
the  multiple  or  “gang”  type  tuning 
condenser  in  which  it  is  necessary 
that  the  capacity  of  some  of  the  sec¬ 
tions  be  as  nearly  equal  to  each 
other  throughout  the  arc  of  rota¬ 
tion  as  is  possible.  The  percentage 
variation  in  “tracking”  that  is  per¬ 
missible  is  generally  determined  by 
the  application.  There  are  many 
cases  that  require  extremely  close 
tolerances  throughout  the  range  of 
a  250  (L|j.f  condenser.  An  attempt  to 
purchase  condensers  from  regular 
suppliers  soon  made  it  apparent  that 
tolerances  desired  were  too  close  for 
the  equipment  they  had  available  and 
that  all  condensers  would  have  to  be 
carefully  checked  and  readjusted  be¬ 
fore  assembly  into  receivers.  Any 
equipment  that  would  be  suitable  for 
the  condenser  tracking  operation  on 
a  production  basis  would  have  to 
meet  the  following  requirements: 

1.  It  must  be  capable  of  permit¬ 
ting  tracking  to  within  0.05  (qif  and 
must  give  an  automatic  indication, 
without  any  action  on  the  part  of 
the  operator,  if  the  difference  in  ca¬ 
pacity  varied  by  more  than  0.01  {iiif, 

2.  The  automatic  indication  must 
be  both'  visual  and  aural  and  must 
give  an  indication  of  the  magnitude 
of  the  difference. 

3.  The  equipment  should  also  be 
capable  of  determining  the  capacity 
of  the  condenser  up  to  a  maximum  of 
360  pL(tf  and  to  within  an  accuracy  of 
.1  |jL|Af  without  reference  to  an  ex¬ 
ternal  standard. 

4.  It  should  be  a-c  operated,  capa¬ 
ble  of  continuous  24-hour  service 
without  danger  of  erratic  behavior 
or  failure,  and  must  completely  pro¬ 
tect  the  operator  from  any  voltages 
that  might  cause  shock  while  in 
normal  use. 


The  test  set  built  consists  essen¬ 
tially  of  two  stable,  shielded,  elec¬ 
tron-coupled  oscillators  of  identical 
electrical  constants,  each  feeding  re¬ 
sistance  coupled  screen  grid  buffer 
amplifiers  whose  output  is  fed  into 
a  co-planar  grid  mixer  tube.  The 
output  of  this  mixer  tube  is  trans¬ 
former  coupled  to  a  type  56  tube  used 
as  an  audio  amplifier,  and  again 
transformer  coupled  to  a  2A5  pen¬ 
tode  power  tube  which  feeds  into  a 
loud  speaker.  The  output  of  the 
2A5  is  also  fed  into  a  low  pass  1000 
cycle  cut-off  filter  which  is  used  in 
conjunction  with  a  type  56  tube  and 
a  Weston  model  301  microammeter 
as  a  visual  indicating  system.  The 
whole  equipment  is  mounted  in  a 
standard  36"  steel  cabinet  designed 
for  mounting  on  standard  size  19” 
relay  rack  panels,  and  provided  with 
a  hinged  door  in  the  rear. 


Fig.  1— Details  of  coil  form 


The  most  important  and  only  criti¬ 
cal  unit  in  this  apparatus  is  the  dual 
oscillator  and  mixer  unit.  Both  of 
the  oscillators  have  been  shielded  in 
a  very  thorough  manner.  Any  at¬ 
tempt  to  eliminate  some  of  this 
shielding  will  result  in  difficulties 
when  an  attempt  is  made  to  balance 
the  two  inductances  L,  or  when  the 
two  oscillators  are  at  zero  beat, 
which  is  the  condition  under  which 
both  of  these  oscillators  are  operat¬ 
ing  when  the  condensers  being 
tracked  are  perfectly  adjusted.  In 
addition,  when  the  covers  of  both 
shields  are  replaced  after  balancing 
coils  L„  the  set  may  be  unbalanced 
unless  the  two  coils  are  adequately 
shielded.  The  location  of  the  two 
oscillators  is  important  and  should 
be  placed  as  shown  so  that  the  leads 
which  go  from  the  “hot”  end  of  Li 
to  the  stators  of  Ci  and  C,  be  spaced 
at  least  6  inches  apart  so  as  to  pre¬ 
vent  a  tendency  for  the  oscillators  to 
interlock  near  zero  beat. 

Each  oscillator  unit  is  identical. 
It  consists  of  a  bakelite  base  plate 
equipped  with  4  small  General  Radio 
plugs,  sometimes  referred  to  as  “ban¬ 
ana  plugs,”  an  aluminum  shield 
which  contains  L,  and  plugs  into  an 
identical  mounting  base  plate  as  the 
one  above,  and  a  shielded  type  57 
oscillator  tube.  Attached  to  the 
coil  assembly  is  the  grid  leak  and 
condenser  assembly  equipped  with 
flexible  lead  and  grid  cap  contact 
clip.  The  vacant  base  plate  above 
the  coil  assembly  is  provided  for 
use  with  the  balancing  condenser 
unit  C,.  This  unit  may  be  observed 
as  the  identical  aluminum  shielded 
objects  with  knobs  shown  in  Fig.  2 
resting  on  top  of  each  oscillator 
shield.  These  units  are  required 
only  to  balance  the  two  coils  L,  and 
to  check  them  from  day  to  day  if  the 
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utmost  accuracy  must  be  maintained. 

Each  of  the  two  balancing  units 
consists  simply  of  a  250  [iiif  mica 
condenser  in  parallel  with  a  50  ixiif 
variable  air  condenser.  Care  must 
bo  exercised  in  selecting  the  mica 
condensers  for  these  units  as  any 
considerable  difference  in  capacity 
will  make  them  useless.  Select  two 
niica  condensers  exactly  equal  or 
within  5  ti.|xf  of  each  other  as  deter¬ 


mined  by  exact  bridge  measure¬ 
ments.  Ordinary  mica  condensers  of 
the  low  voltage,  molded  bakelite  type 
of  reputable  make  are  satisfactory, 
provided  they  are  carefully  matched. 
A  word  of  caution: — do  not  choose 
condensers  by  their  markings  as 
many  instances  have  been  found 
where  these  markings  have  been  in 
error  by  as  much  as  50%  and  rarely 
less  than  5%.  The  type  of  shield 


Fig.  2— Details  of  apparatus.  In 
shielded  compartments  (covers  re¬ 
moved)  are  the  tun*  oscillators 


can,  contacts  or  contact  bases  is  not 
important  as  long  as  they  are  identi¬ 
cal  to  permit  interchanging  the  two 
units  and  are  made  of  a  good  in¬ 
sulating  material.  Provision  must 
be  made  to  permit  adjustment  of  the 
50{i[if  condenser  while  the  unit  is 
plugged  into  its  base  plate. 

A  comprehensive  idea  of  the  con¬ 
struction  of  the  two  oscillator  coil 
units  L,  may  be  obtained  by  refer¬ 
ring  to  the  half-section  view  in  Fig. 

1.  This  coil  is  wound  on  an  XL 
bakelite  coil  form,  2i"  long  and  has 
four  jack  type  contacts  to  fit  the 
contacts  of  the  base  plate.  The  as¬ 
sembly  in  Fig.  1  is  used  to  vary  the 
inductance  of  either  unit  so  as  to 
equal  the  other  by  changing  the  dis¬ 
tance  between  the  end  of  the  wind¬ 
ing  and  the  brass  plate.  When  the 
plate  is  made  to  approach  the  wind¬ 
ing,  the  inductance  of  L,  will  de¬ 
crease.  The  actual  construction  of 
this  coil  unit  may  be  varied  some¬ 
what  but  it  must  be  remembered 
that  all  parts  must  be  made  so  that 
the  two  coils  are  identical  and  inter¬ 
changeable. 

Associated  with  the  two  oscillator 
circuits  are  two  sets  of  variable  con¬ 
densers  Cl  and  Ct  which  are  used  to 
compensate  for  basic  differences  in 
condensers  to  be  tracked  due  to  lack 
of  trimmers,  etc.,  to  determine  the 
extent  of  capacity  differences,  and  to 
determine  the  value  of  any  capacity 
up  to  350  {tfif.  Condensers  Ci  are 
Hammarlund  type  MC20S  with  one 
stator  plate  removed  and  the  rotor 
bent  so  as  to  produce  a  capacity  va¬ 
riation  from  minimum  to  maximum 
of  10  (laf  which  will  then  result  in 
decimal  sub-multiples  that  can  easily 
be  calculated  when  a  100  division 
National  type  N  vernier  dial  is 
used  to  operate  this  condenser. 
Normally  both  condensers  C,  are  set 
to  50  degrees  on  the  dial  and  are 
only  used  to  determine  the  extent  of 
very  small  capacity  variations  and 
their  direction. 
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Fig.  3 — Audio  and  visual  indicator  circuits  of  the  condenser  tester 


Condensers  C,  are  precision  con¬ 
densers,  type  149-L,  manufactured  by 
the  Radio  Engineering  Laboratories. 
These  condensers  are  very  sturdily 
built,  are  well  insulated  with  Isolan- 
tite,  and  maintain  their  calibration 
to  within  any  readable  limit  of  the 
dial  over  indefinite  periods.  The 
change  in  capacity  of  this  condenser 
is  approximately  320  jiiif  which  rep¬ 
resents  the  useful  range  for  check¬ 
ing  unknown  capacities.  This  con¬ 
denser  is  driven  by  a  variable  ratio 
National  vernier  dial,  type  NW, 
having  100  main  divisions  and  read¬ 
able  to  sub-divisions  of  one-tenth, 
thus  making  it  possible  to  accur¬ 
ately  read  values  to  within  0.3  {ifif 
with  an  accuracy  of  ±  0.1  jiaf.  All 
four  of  these  condensers  are  en¬ 
closed  in  a  partitioned  aluminum 
box.  The  top  of  the  box  is  drilled 
and  tapped  with  a  series  of  holes  to 
permit  the  fastening  of  jigs  or  fix¬ 
tures  to  the  top.  It  is  absolutely  nec¬ 
essary  to  have  total  shielding  between 
the  two  halves  of  the  box  to  permit 
the  proper  functioning  of  this  equip¬ 
ment.  Two  test  leads  are  also  fixed 
to  the  top  of  this  box  and  should 
be  spaced  at  least  12  inches  and 
should.be  as  thoroughly  shielded  as 
possible.  Any  flexible  No.  18  wire 
over  i"  in  diameter  with  rubber  or 
other  high  grade  of  insulation  and 
covered  with  a  tight  fitting  flexible 
copper  braid  will  be  satisfactory. 
The  braid  should  be  securely  bonded 
to  the  box.  Carelessness  in  the  ob¬ 
servance  of  these  precautions  will 
seriously  affect  the  performance  due 
to  interlocking  of  the  oscillators.  In 
the  event  that  it  is  desired  to  deter¬ 
mine  the  value  of  capacities  greater 
than  350  ^[if,  condensers  C,  may  be 
replaced  by  some  other  type  having 
a  change  in  capacity  equal  to  the 


desired  value.  In  selecting  a  con¬ 
denser,  care  should  be  exercised  to 
choose  a  type  having  large  rugged 
bearings,  preferably  of  the  cone 
type,  sturdy  construction  and  good 
insulation. 

Buffer  Amplifier  and  Mixer  Tube 

To  assure  complete  isolation  be¬ 
tween  the  two  oscillators,  it  is  ad¬ 
visable  to  place  a  screen  grid  tube 
such  as  the  RCA  type  58  as  an  un¬ 
tuned  r-f  amplifier  between  each 
oscillator  and  the  mixer  tube.  Noth¬ 
ing  about  the  buffer  circuit  is  crit¬ 
ical  except  that  it  is  well  to  use 
parallel  feed  to  the  plates  through  a 
3.5  millihenry  low  distributed  ca¬ 
pacity  choke  such  as  the  National 
type  R-100.  This  choke  is  desig¬ 
nated  Li  in  Fig.  4.  Very  low 
values  of  screen  and  plate  voltages 
are  applied  to  this  tube  as  well  as 
to  the  oscillator  tube  to  keep  the 
signal  applied  to  the  grids  of  the 
mixer  tube  within  15  volts.  The 
purpose  of  the  buffer  amplifier  is 
primarily  to  isolate  and  not  to  am¬ 
plify  to  any  great  extent. 

The  mixer  tube  consists  of  an 
Arcturus  Wunderlich  co-planar  grid 
tube  operating  with  a  few  volts  bias. 
The  exact  value  is  not  important  or 
critical.  This  tube  lends  itself  pe¬ 
culiarly  to  a  circuit  of  this  type 
where  both  signal  voltages  are  es¬ 
sentially  equal  and  because  it  has  a 
fairly  low  plate  impedance  that  will 
satisfactorily  work  into  an  ordinary 
interstage  coupling  transformer. 

Amplifier  Cut-Off  Filter  and 
Visual  Indicator  Circuits 

Considerable  output  of  the  first 
audio  stage  (56)  has  been  sacri¬ 
ficed  by  the  resistor  voltage  divider 


network  across  the  secondary  of  the 
1st  audio  transformer,  which  would 
tempt  one  to  eliminate  this  circuit. 
If  suitable  precautions  are  taken, 
it  is  possible  to  operate  this  equip¬ 
ment  with  the  mixer  tube  feeding 
directly  into  the  grid  of  the  2A5  but 
the  results  may  not  be  satisfactory 
and  it  is  likely  that  trouble  due  to 
r-f  blocking  of  the  2A5  may  result. 
The  transformer  T,  aids  consider¬ 
ably  in  preventing  any  r.f.  from 
getting  into  the  grid  of  the  56  and 
2A5.  Ordinary  class  A  amplifier 
considerations  govern  the  operation 
of  both  the  56  and  2A5  amplifier 
tubes.  The  output  of  the  power  am¬ 
plifier  tube  is  fed  simultaneously  to 
a  loud  speaker,  head  phone  jack  and 
low  pass  1000  cycle  cut-off  filter 
with  its  associated  visual  indicator. 
For  average  work,  the  visual  indi¬ 
cator  may  be  eliminated  as  well  as 
the  filter.  To  obtain  the  full  bene¬ 
fits  of  this  equipment,  however,  it 
is  well  worth  while  to  include  this 
unit.  This  filter  unit  should  be 
readily  removable  so  that  another 
filter  having  a  cut-off  point  corre¬ 
sponding  to  a  definite  percentage 
capacity  variation  expressed  in  terms 
of  frequency  may  be  substituted. 
This  will  relieve  the  operator  of 
all  checking  operations  such  as  mov¬ 
ing  the  limit  dials  and  calculating 
the  capacity  difference,  because  a 
certain  capacity  variation  will  cause 
the  visual  indicator  to  instantly 
show  this  variation  to  the  operator. 
For  accurate  production  testing  of 
gang  condensers,  this  feature  is  in¬ 
valuable.  The  components  of  the 
low  pass  filter  are  not  critical  and 
any  good  reactor  may  be  substituted 
for  the  Western  Electric  117-B  re¬ 
tard  coil,  provided  it  has  an  induct¬ 
ance  of  0.8  henries. 

The  power  supply  is  an  entirely 
orthodox  multi-section  filter  having 
a  low  ripple  content.  Any  type  of 
apparatus  may  be  used  provided  it 
delivers  from  250  to  300  volt.<s  at  75 
ma.  continuously  without  heating. 

Adjustment  and  Operation 

There  is  only  one  simple  adjust¬ 
ment  necessary  in  order  to  always 
maintain  the  absolute  accuracy  of 
this  equipment  and  that  consists  in 
balancing  the  inductances  L,  so  that 
they  are  exactly  equal  to  each  other. 
The  balancing  operation  is  very  sim¬ 
ple  and  is  as  follows: 

a.  Remove  the  shield  covers  from 
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both  oscillator  compartments  and 
set  both  limit  condensers  Ci  at  50 
on  the  dial. 

h.  Rotate  both  larjre  dials  so  that 
the  conden.sers  Cj  are  at  minimum 
capacity  and  adjust  either  dial  so 
that  both  oscillators  are  zero  beat 
as  indicated  by  the  loud  speaker  and 
visual  indicator. 

c.  Plujr  the  balancing  condenser 
units  into  their  respective  base  con¬ 
tacts  in  each  oscillator  and  adjust 
the  balancinff  unit  variable  con- 
den.ser  so  that  the  zero  beat  condi¬ 
tion  is  restored.  Then  interchange 
the  two  balancinj?  units,  takinjr  care 
not  to  change  the  .settinjj.  If  the 
inductances  L,  are  j^reatly  out  of 
balance,  the  beat  frequency  may  be 
so  great  as  to  be  inaudible  in  which 
case  it  will  be  nece.ssary  to  adjust 
either  of  the  condensers  C,  until 
zero  beat  is  again  restored.  While 
adjusting  C-,  it  must  be  noted 
whether  the  capacity  was  either  in¬ 
creased  or  decrea.sed  so  as  to  restore 
zero  beat.  If  the  capacity  had  to 
be  increased,  then  it  follows  that  L, 
associated  with  that  condenser  is 
lower  in  value  than  the  other  induct¬ 
ance.  This  means  then,  that  L, 
must  be  increased  and  is  accomp- 
li.shed  by  turning  the  adjusting  shaft 
of  Li  in  a  counter-clockwise  direc¬ 
tion.  If  it  developed  that  C,  had  to 
be  decreased,  then  the  inductance 
of  the  associated  L,  is  too  large. 

d.  After  the  inductance  has  been 
adjusted,  repeat  steps  b  and  c  until 
there  is  absolutely  no  change  in  the 
zero  beat  condition  when  the  bal¬ 
ancing  condenser  units  are  inter¬ 
changed.  The  equipment  is  then 
ready  for  use. 

To  measure  capacities  without  ref¬ 
erence  to  a  standard  variable  con- 
den.ser,  it  will  be  necessary  to  accur¬ 
ately  calibrate  either,  and  prefer¬ 
ably  both,  condensers  C,  so  as  to 
I>ermit  checking  one  against  the 
other.  Both  limit  condensers  Ci 
must  be  accurately  calibrated.  This 
calibration  should  be  performed  on 
a  capacity  bridge  having  a  suitable 
degree  of  known  accuracy.  Before 
performing  the  calibration,  it  will 
be  necessary  to  remove  both  induct¬ 
ances  L,.  It  is  also  best  to  set  both 
limit  dials  of  condensers  Ci  at  ex¬ 
actly  50  divisions  before  calibrating 
condensers  C,. 

After  the  condensers  have  been 
suitably  calibrated  and  the  induct¬ 
ances  Li  have  been  properly  balanced, 
this  equipment  may  be  used  to  meas¬ 


ure  capacities  in  accordance  with  the 
following  procedure: 

a.  Set  both  dials  of  Ci  at  exactly 
50  and  rotate  both  dials  of  C,  so 
that  the  capacity  change  will  be  con¬ 
siderably  in  excess  of  the  estimated 
value  of  the  unknown  capacitor  and 
adjust  both  of  C,  to  zero  beat.  It  is 
advi.sable  to  adju.st  one  of  the  two 
dials  at  a  point  which  corresponds  to 
an  even  figure  on  the  calibration 
chart.  Note  the  capacity  at  this 
point. 

b.  Connect  the  unknown  capacitor 
to  the  leads  of  the  C,  that  you  have 
chosen  to  use  as  the  standard  and 
back  off  the  cai)acity  until  zero  beat 
again  exists.  Read  the  correspond¬ 
ing  capacity  value  from  the  chart 


and  deduct  from  the  original  value 
noted  in  paragraph  a.  This  differ¬ 
ence  is  then  the  exact  value  of  the 
unknown  capacitor.  It  is  apparent 
that  the  degree  of  accuracy  is  lim¬ 
ited  to  the  accuracy  of  the  dial  read¬ 
ing  and  the  accuracy  of  the  original 
calibration.  These  limitations  must 
always  be  borne  in  mind.  Another 
precaution  is  to  always  remember 
that  the  capacitor  being  checked  is 
being  placed  across  an  oscillator  cir¬ 
cuit  and  if  the  dielectric  is  faulty 
or  has  high  loss  then  the  oscillator 
will  cease  oscillating.  For  this  rea¬ 
son,  only  air  dielectric,  mica  and 
good  paper  dielectric  condensers  can 


be  tested  in  this  type  of  equipment. 

The  u.s€  of  this  equipment  in 
tracking  condensers  is  very  simple 
and  consists  in  merely  connecting 
one  section,  usually  the  one  without 
a  trimmer  to  one  lead  and  the  adja¬ 
cent  section  to  the  other  lead,  set¬ 
ting  the  dials  of  Ci  at  50  and  adjust¬ 
ing  both  dials  of  Cj  so  that  zero  beat 
exi.sts  with  both  of  these  condensers 
set  near  minimum  capacity  and  with 
the  conden.ser  to  be  tracked  also  at 
minimum.  The  condenser  being 
tracked  is  then  rotated  slowly  to 
maximum  capacity.  If  both  sections 
are  obsolutely  “in  track”  then  the 
zero  beat  condition  will  continue  but 
if  any  variation  greater  than  0.005 
uLaf  exists,  a  beat  note  will  be  heard 


and  the  visual  indicator  will  show  a 
reading.  By  adjusting  the  dial  of 
Cl  used  in  conjunction  with  the  sec¬ 
tion  being  tracked  to  restore  zero 
beat,  the  exact  difference  will  be  de¬ 
termined.  The  necessary  adjust¬ 
ment  may  then  be  made  to  the  con¬ 
denser,  the  dial  returned  to  50  and 
the  operation  continued  until  the 
section  is  satisfactorily  adjusted 
throughout  its  arc  of  rotation.  The 
operations  are  then  repeated  on  each 
section.  By  proper  choice  of  the 
cut  off  point  of  the  low  pass  filter, 
it  will  not  be  necessary  to  use  the 
dials  of  Cl  thereby  speeding  up  the 
adjustment  operation  considerably. 


Fig.  4 — Schematic  of  heat  frequency  oscillators,  detector,  etc. 
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Movable  Anode  Tubes 


New  members  of  the  vacuum  tube  family  in  which  the  control  of  the  anode  current  is 
effected  by  changing  the  position  of  the  anode  with  respect  to  the  other  tube  elements 


By  E.  D.  McArthur 

Vacuum  Tube  Engineering  Department 
General  Electric  Com  pang 
Schenectady,  X.  Y. 


WE  ARE  SO  accustomed  to 
thinking  of  high-vacuum 
tubes  as  voltage-operated  devices 
that  only  rarely  is  any  consideration 
given  to  other  methods  of  changing 
the  plate  current. 

It  is  well  known  that,  in  a  high- 
vacuum  tube,  space  charge  limits 
the  current  flow  between  parallel 
plane  electrodes  to  a  value  given  by 
the  following  equation: 


Fig..  1 — Construction  of  tube  in 
which  anode  current  is  controlled 
by  mechanical  motion 


i  =  2.335  X  10^  amperes 
when  V  is  the  potential  difference, 
X  is  the  electrode  spacing  in  centi¬ 
meters  and  A  is  the  area  of  one  elec¬ 
trode  in  square  centimeters.  Any 
one  of  these  three  terms  may  be 
used  to  vary  the  maximum  value  of 
current  flow  independently  of  the 
others. 

Recently,  some  tubes  have  been 
built  to  study  the  possibilities  af¬ 
forded  by  varying  the  value  of  A, 
the  anode  area.  These  tubes  prom¬ 
ise  to  be  very  valuable  tools  for 
measurement  purposes.  The  tube  is 
so  constructed  that  the  anode  may 
be  moved  with  respect  to  the  cathode 
from  outside  the  tube.  The  tube  is 
of  the  all-metal  type.*  The  outer 
shell  is  seamless  steel  tubing  4 
inches  long  and  about  1.5  inches  in 
diameter.  The  ends  are  closed  by 
punching  steel  headers  welded  to  the 
shell.  One  of  these  headers  has  a 
large  hole  in  the  center  which  is 
covered  by  a  thin  flexible  iron  dia¬ 
phragm.  The  anode  is  a  rectangular 
box  open  on  one  edge  and  carried  on 
a  heavy  steel  rod  projecting  through 
the  flexible  diaphragm. 

The  anode  may  be  moved  with  re¬ 
spect  to  the  cathode  by  moving  the 
external  rod.  The  cathode  is  an  in¬ 
directly  heated  rectangular  box 
mounted  so  that  the  anode  may  be 
moved  over  it  edgewise  or  completely 
withdrawn.  The  relative  position  of 
the  cathode,  anode  and  diaphragm 
is  illustrated  in  Fig.  1.  The  electri¬ 
cal  leads  to  the  inside  of  the  tube 
are  made  by  sealing  glass  to  the 
lead  wires  and  to  small  fernico  eye¬ 


lets  welded  to  the  header  around  the 
flexible  diaphragm.  Moving  the  ex¬ 
ternal  arm  in  the  direction  of  the 
arrows  will  make  more  or  less  anode 
area  available  for  collecting  the  elec¬ 
tron  emission.  Since  the  anode  area 
is  directly  proportional  to  the  dis¬ 
placement  of  the  anode  arm  and  the 
plate  current  varies  linearly  with 
electrode  area,  the  relation  between 
plate  current  and  displacement 
should  also  be  linear  if  all  other 
variables  are  held  constant.  This 
relation  for  one  of  the  developmental 
tubes  is  shown  in  Fig.  2. 

Over  the  straight  position  of  the 
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Experimental  metal-envelope, 
movable-anode  tube 


curve  a  motion  of  one  mil  uOOl  in.) 
at  a  distance  of  1.0  inch  from  the 
end  of  the  tube  will  produce  a 
chanjfe  in  plate  current  of  about  7.0 
milliami)eres.  The  curvature  at  the 
bottom  of  the  characteristic  (Fig.  2) 
is  due  to  stray  currents  from  the 
cathode  to  the  anode  and  may  be 
reduced  by  internal  shielding. 

The  tube  operates  with  a  maxi¬ 
mum  of  100  volts  d.c.  on  the  anode 
and  will  permit  a  maximum  dis¬ 
placement  of  the  anode  arm  of  0.05 
inch  at  a  distance  of  1.0  inch  from 
the  end  of  the  tube.  The  filament 
rating  is  4.0  amperes  and  2.5  volts. 
The  torque  required  to  move  the 
anode  varies  somewhat  from  tube  to 
tube  but  the  average  is  0.2  inch- 
ounces.  The  power  supply  may  be 
alternating  current  as  well  as  direct 
although  in  this  case  the  current 
sensitivity  will  be  reduced  in  the 


ratio  of  1.0  to  tt. 

This  device  suggests  many  poten¬ 
tial  possibilities.  Tubes  can  be 
built  which  will  have  deflection 
characteristics  other  than  linear. 
This  can  be  accomplished  by  an  ap¬ 
propriate  choice  of  electrode  shapes. 
The  only  limitation  on  power  capac¬ 
ity  and  sensitivity  is  permissible 
size.  It  is  apparent  that  the  sensi¬ 
tivity  and  total  current  change  can 
be  increased  at  will  by  using  longer 
cathodes  and  anodes  and  by  using 
higher  voltages. 

This  tube  may  be  used  in  many 
applications  which  require  the  trans¬ 
formation  of  a  small  mechanical  mo¬ 
tion  into  a  proportional  electrical 
signal  voltage.  For  example,  it 
might  be  used  as  a  seismograph, 
extensometer,  microphone,  thickness 
recorder  or  regulator,  pressure  in¬ 
dicator,  phonograph  reproducer, 
thermo-regulator,  and  in  many  other 
ways. 

Some  simple  tests  were  made  with 
the  tube  having  the  characteristics 
shown  in  Fig.  2  where  the  movable 
anode  tube  was  used  to  supply  power 
to  the  d-c  winding  of  a  saturable 
reactor.  A  total  motion  of  about  .05 
inch  was  sufficient  to  change  the 
a-c  power  through  the  reactor  from 


nearly  zero  to  the  full  rating  of 
about  1.0  kva. 

Applications  which  involve  the 
use  of  this  type  of  tube  as  an  elec¬ 
tric  micrometer  gauge  use  the  tube 
as  one  arm  of  a  resistance  bridge. 
Since  the  tube  resistance  changes 
with  voltage,  it  is  advisable  to  use 
another  vacuum  tube  having  similar 
characteristics  in  the  opposite  arm 
of  the  bridge.  This  precaution 
makes  the  device  much  less  sensitive 
to  line  voltage  variation.  For  pre¬ 
cise  work  it  will  be  found  necessary 
to  provide  a  fairly  constant  source 
of  voltage  for  the  bridge.  These 
factors  are  determined,  of  course, 
by  the  accuracy  required.  With  a 
well  designed  bridge  of  this  type  it 
is  possible  to  measure  0.01  mil 
(0.00001  inch)  without  the  use  of 
high  sensitivity  milliammeters. 

These  suggested  applications  illus¬ 
trate  the  wide  variety  of  uses  to 
which  this  newest  member  of  the 
vacuum  tube  family  may  be  put. 
To  date  these  tubes  have  only  been 
built  in  developmental  form.  There¬ 
fore,  no  standardized  type  is  as  yet 
available  or  on  the  market. 

1  “.XU  Metal  Vacuum  Tubes”,  O.  W.  Pike 
and  G.  F.  Metcalf.  Electronics,  Vol.  7,  No. 
IW,  October,  1934. 


Fig.  2 — Characteristics  of  movable-anode  tube  as  a  function  of  anode  dis¬ 
placement;  Ip-Ep  data  for  several  anode  positions 
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The  Strobotron— II 


Practical  use  of  this  new  cold-cathode  tube,  described  in  the  February  issue,  depends  on 
a  knowledge  of  the  grid  voltages  and  currents  recjuired  to  start  the  gas-discharge.  Herew  ith 
are  the  starting  characteristics 


The  strobotron,  developed  prin¬ 
cipally  by  Germeshausen,^  has 
been  applied  by  Germeshausen  and 
Edgerton*  in  a  number  of  circuits, 
the  best-known  of  which  is  the 
“Strobotac” — a  small  stroboscope 
manufactured  by  the  General  Radio 
Company  for  use  as  a  tachometer. 
Here  the  tube  is  used  as  an  instan¬ 
taneous  light  source.  In  combina¬ 
tion  with  a  simple  pool-type  mer¬ 
cury  arc,  the  strobotron  may  be  used 
as  a  controlled  arc  rectifier  capable 
of  handling  hundreds  of  amperes. 
An  example  of  such  an  application 
for  the  accurate  control  of  a  stand¬ 
ard  small  power  resistance  welder 
has  been  described  by  Gray  and  Not¬ 
tingham.*  Since  there  are  many 
other  possible  uses  of  the  strobo¬ 
tron,  it  seems  worth  while  to  pre¬ 
sent  a  fairly  comprehensive  discus¬ 
sion  of  its  starting  characteristics. 

The  strobotron  is  a  gas-filled 
(neon)  tube  with  a  caesium-coated 
cold  cathode.  The  two  grids  serve 
as  auxiliary  electrodes  for  starting 
purposes  and  for  electrostatic  shields. 
Throughout  the  discussion  below, 
all  potentials  will  be  referred  to  the 
cathode  as  zero  unless  otherwise 
specified.  The  discharge  is  initiated 
by  starting  a  glow  between  two  ele¬ 
ments.  For  example,  if  the  plate  is 
300  volts  positive,  and  the  inner  grid 
(flfi)  is  zero,  a  discharge  from  cath¬ 
ode  to  plate  may  be  created  by 
raising  the  outer  grid  (gt)  poten¬ 
tial  to  about  -1-100  volts.  This  starts 
a  glow  between  grids  with  the  inner 
one  as  a  “momentary  cathode,”  fol¬ 
lowing  which,  a  discharge  develops 
from  cathode  to  anode  if  the  glow 
between  grids  is  sufficiently  intense. 
With  the  same  plate  potential  (300 
volts  positive)  a  discharge  may  also 
result  if  the  outer  grid  (p*)  is  made 
about  110  volts  negative,  in  which 
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case  a  glow  first  starts  between  the 
two  grids  with  the  outer  one  as  the 
“momentary  cathode.”  In  either  of 
the  above  cases  the  current  carried 
by  the  glow  discharge  between  the 
grids  must  exceed  a  certain  magni¬ 
tude  in  order  to  form  a  true  plasma 
and  give  rise  to  a  complete  break¬ 
down  from  the  cathode  to  the  anode. 

These  characteristics  of  the  strob¬ 
otron  are  summarized  by  Table  I 
and  Fig.  2.  The  information  pre¬ 
sented  in  Table  I  can  best  be  under¬ 
stood  by  the  graphical  representa¬ 
tion  of  Fig.  2.  In  this  figure  the 


Fig.  1 — Diagram  showing  relation 
of  strobotron  elements 


outer-grid  (</-)  potential  referred  to 
the  cathode  as  zero  is  i)lotted  as  the 
abscissa,  and  the  inner-grid  poten¬ 
tial  as  the  ordinate.  The  six  solid 
lines  of  this  figure  may  be  placed 
independent  of  anode  potential,  while 
the  location  of  the  dashed  line  de¬ 
pends  upon  anode  voltage.  The 
area  inside  the  figure  represents  the 
range  of  outer-  and  inner-grid  po¬ 
tentials  for-which  the  strobotron  will 
remain  nonconducting.  The  boun¬ 
dary  line  defines  critical  values  of 
potential  for  which  a  discharge  will 
develop. 

In  order  to  clarify  the  connection 
between  Table  I  and  Fig.  2,  let  us 
consider  in  detail  the  conditions  rep¬ 
resented  along  each  line  of  the  fig¬ 
ure.  Along  the  line  a-b,  which  is 
drawn  at  an  angle  of  45  degrees 
w'ith  the  horizontal,  the  outer  grid 
(flfi)  is  everywhere  positive  a  con¬ 
stant  amount  with  respect  to  the 
inner  grid  (g,).  A  point  located 
just  to  the  left  of  line  a-b  corre¬ 
sponds  to  a  potential  less  than  that 
required  to  initiate  a  glow  discharge 
between  these  grids.  If  we  attempt 
to  set  the  actual  potentials  of  the 
grids  to  correspond  to  a  point  on  the 
right  of  line  a-b,  then  a  glow  dis¬ 
charge  will  start  and  the  current 
carried  by  this  discharge  will  be¬ 
come  very  large  unless  limited  by 
resistances  in  the  associated  circuit. 
In  case  the  resistance  in  this  circuit 
is  so  high  that  the  grid  current  has 
too  small  a  value  (a  milliampere  or 
or  less,  depending  on  the  anode-to- 
cathode  voltage  as  show’n  by  Fig.  5), 
a  complete  breakdown  may  not  take 
place.  This  point  will  be  expanded 
in  discussing  Fig.  6. 

At  the  intersection  of  lines  a-b 
and  b-c  of  Fig.  2  the  process  of  initi¬ 
ating  the  discharge  changes  from 
that  of  a  glow  between  grids  to  a 
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iflow  between  the  cathode  and  the  tential  F.j  ^  500  volts  from  the 
outer  grid  (f/a).  The  critical  poten-  anode  potential  (F,).  In  symbols 
tial  for  this  process  is  =175  volts,  we  have 


critical  voltage  difference  (F.i  — 
Fci)  is  used  with  strobotrons  which 
happen  to  have  critical  potentials 
such  that  V.a  +  Fj,  >  F.,. 

Figure  3  represents  an  experi¬ 
mental  determination  of  the  “char¬ 
acteristic  loop”  for  a  particular 
strobotron,  showing  how  corners  are 
rounded  off  and  that  the  observed 
diagonal  lines  are  not  strictly  45- 
degree  lines,  but  deviate  very 
slightly.  These  minor  differences 
from  the  idealized  diagram  of  Fig.  2 
are  unimportant. 

In  the  following  paragraphs  on 
grid-current  characteristics  it  will 


TABLE  I 

Approximate  Initial  Glow  Potentials 


Thus  if  F,  is  325  volts  and  F.,  is 
500  volts,  we  have  Fj  =  — 175  volts. 
Since  F.j  is  a  constant  of  the  tube, 
we  see  that  \\  or  the  location  of  the 
dashed  line  e-f  will  shift  linearly 
with  the  anode  voltage. 

An  analogous  equation,  namely, 
F,  —  F„  =  Vj,  may  have  to  be  used 
to  locate  the  lower  boundary  of  the 
region  of  nonconduction  when  an 
anode  voltage  l\  greater  than  the 


Critical 

Potential  Expected 
Positive  Negative  Diff.  Variations 

Electrode  Electrode  Desig.  Volts  in  Volts 
1  <1  e  ji  96-1-15-5 

I  g  7  tJ  ij  100  -  50  -30 

Anode  gt  c  .i  500  -^50  -10( 

Cathode  gi  e,\  130  -<-15  -10 

I  Cathode  u  j.  175  -r25  -15 

1  Cathode  v  i,  130  -10  -10 

Cathode  g  t  v  ,7  200  -r40  -60 

Anode  g  1  c  .1  600  50  -40 


If  the  circuit  is  properly  arranged 
it  is  possible  to  instigate  a  complete 
breakdown  with  the  minimum  of  con¬ 
trol-grid  current  (approximately  2x 
10  "  amp)  by  crossing  the  line  b-c 
near  the  point  c.  Further  details 
are  given  below. 

The  line  c-d  is  the  boundary  de¬ 
termined  by  the  critical  iiotential 
r,c  ^130  volts  with  the  initial  glow 
forming  between  the  inner  grid  ({/,) 
and  the  cathode.  The  diagonal  d-e 
again  represents  the  locus  of  points 
of  constant  difference  in  grid  po¬ 
tential  r,2  ^110  volts,  and  for  this 
the  outer  grid  is  the  “momentary 
cathode.” 

The  construction  involved  in  the 
location  of  the  dashed  line  e-f  is  more 
complicated.  This  corresponds  to 
a  breakdown  between  the  outer  grid 
(fiTj)  as  “momentary  cathode”  and 
the  anode.  For  a  particular  value 
of  anode  potential  we  locate  the  line 
by  subtracting  the  critical  glow  po- 


200  -IftO  -160  -uo 
qrid(g,) 


M  8^100  120  140  160  180 

y  Ou'Icr  grid  (9,)  positive 
vol+s 


fig.  2~C'.hiract  eristic  loop 
of  strobotron  firing,  with 
f  \  =  325  volts.  Region  of 
non-conduction  enclosed  by 
straight  lines 


be  shown  that  as  the  potential  differ¬ 
ence  between  tw’o  elements  of  the 
tube  is  increased,  the  current  flow  is 
very  small  (about  10  ’  amperes  or 
less)  until  the  critical  potential  dif¬ 
ference  is  reached.  A  complete 
characteristic  shows  that  oscillations 
begin  at  this  point  and  the  average 
potential  drop  between  elements  de¬ 
creases.  The  potentials  recorded  in 
Table  I  and  Fig.  2  show  the  critical 
values  in  volts  which  must  be  ex¬ 
ceeded  in  order  to  initiate  the  dis¬ 
charge.  It  is  important  to  realize 
that  these  values  do  not  represent 
the  actual  potential  across  the  two 
elements  which  is  observed  after  the 
glow  has  been  started  and  its  inten¬ 
sity  increased  enough  to  cause  a 
complete  breakdown  in  the  tube.  In 


Fig.  3 — Experimentally  de¬ 
termined  firing  loop  on  a 
typical  strobotron.  I'm  -=320 
volts 
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satisfactory  operation  possible. 

One  of  the  important  features  of 
the  double-grid  strobotron  is  that  it 
can  be  used  so  advantageously  in 
circuits  for  which  the  simultaneous 
action  of  two  different  potentials 
is  required  for  operation.  This  prop¬ 
erty  was  utilized  by  Gray  and  Not¬ 
tingham*  in  the  welder  control  by 
putting  a  60-cycle  peaked  w’ave  on 
the  inner  grid  and  a  contact  control 
on  the  outer  grid.  For  all  such  ap¬ 
plications  the  boundary  shown  in 
Fig.  2  must  be  crossed  .somewhere 
on  the  45-degree  lines,  i.e.,  either 
a-h  or  d-e.  The  grid-current  data 
presented  in  Table  II  show  that 
smaller  currents  are  required  for 
crossing  a-h  than  for  crossing  d-e, 
and  furthermore  we  have  found  that 
boundary  line  a-h  is  definitely  more 
reproducible  than  the  d-e  boundary. 


Fig.  4- — Circuits  for  determining  grid  current,  (left)  in  outer  grid  and 
(right)  in  inner  grid 


terms  of  the  discussion  to  follow, 
the  critical  potentials  of  Table  I  cor¬ 
respond  to  the  point  B  of  Fig.  6. 


was  made  positive  or  negative.  The 
grid  current  thus  obtained  was  found 
to  be  a  function  of  the  anode  poten¬ 
tial  and  is  shown  in  Fig.  5.  The 
true  grid  voltages  were  found  by 
measuring  the  meter  voltage  F,  and 
subtracting  from  that  the  IR  drop 
through  resistance  R^. 

Table  II  should  be  very  useful  in 
connection  with  the  design  of  cir¬ 
cuits  using  strobotrons,  since  it  is 
essential  to  consider  the  grid  cur¬ 
rent  which  must  be  supplied  in  order 
to  accomplish  a  complete  breakdown 
between  the  cathode  and  the  anode. 
Fortunately  it  is  not  necessary  to 
deliver  the  current  for  more  than  a 
few  microseconds,  and  the  use  of  a 
condenser  which  may  be  charged  by 
a  small  current  often  makes  perfectly 


TABLE  II 

Minimum  *  Glow  Current  in  Amperes 
For  Strobotron  Breakdown 


Boundry 
Crossing  125 


Anode  Voltage 
300 


Current 

in 


Grid-Current  Characteristics 

The  grid-current  characteristic  of 
a  strobotron  is  difficult  to  determine 
with  accuracy,  since  the  current  is 
not  a  strictly  reproducible  function 
of  the  voltage.  This  must  be  ex¬ 
pected,  since  cold-emission  effects 
are  undoubtedly  dependent  on  the 
surface  conditions  on  the  electrodes, 
and  these  change  as  a  result  of  the 
ion  bombardment  taking  place  each 
time  the  tube  is  “fired.”  These 
changes  alter  the  critical  voltage  by 
only  one  or  two  volts  in  most  cases. 
The  problem  of  observing  the  grid- 
current  characteristic  just  before 
the  tube  is  fired  is  difficult,  since 
over  certain  ranges  of  current  the 
glow  discharge  is  inherently  not 
stable  and  oscillations  result  which 
cannot  be  eliminated  no  matter  how 
high  the  resistance  in  the  external 
circuit.  Because  of  these  complica¬ 
tions  the  important  end  results  are 
presented  in  Table  II  and  no  attempt 
has  been  made  to  prepare  detailed 
curves  showing  the  grid  current  as  a 
function  of  the  voltage  over  the  en¬ 
tire  range.  Two  of  the  circuits  used 
for  studying  the  grid  currents  at  the 
moment  of  “firing”  are  shown  in 
Fig.  4.  The  circuit  illustrated  at 
the  left  was  used  to  determine  the 
grid  current  and  potential  required 
to  cause  a  complete  breakdown  in 
the  tube  when  the  outer  grid  (flr*) 


•  In  all  cates  the  condenser  method  of  “  firing  ” 
permits  operation  with  a  control  current  less  than 
lO"'  ampere. 

•*  These  data  for  trigger  method  of  operation 
with  20,000  ohms  or  less  in  the  inner-grid  (g  i) 
circuit. 


This  is  brought  out  by  the  column  of 
“expected  variations”  in  Table  I. 

Before  discussing  the  other  details 
of  Table  II,  it  will  be  necessary  to 
consider  certain  facts  brought  out  by 
the  determination  of  the  current 
flowing  between  adjacent  elements 
as  a  function  of  the  voltage  between 
them.  For  example,  the  inner  grid 
(ff,)  and  the  cathode  w’ere  connected 
together  while  the  outer  grid  (gt) 
and  the  anode  were  connected  and 
made  positive  with  respect  to  the 
other  two  elements.  The  current  ob¬ 
served  to  flow  is  shown  in  Fig.  6. 


Fig.  5— Average  grid  current  at 
firing,  for  crossing  loop  at  a-h 
(see  Fig.  2). 
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start! nf?  at  very  low  voltages,  the 
currents  are  small  (less  than  a  mi¬ 
croampere)  and  increase  very  grad¬ 
ually  over  the  range  AB.  At  B  os¬ 
cillations  set  in,  resulting  in  a  defi¬ 
nite  decrease  in  the  average  value 
of  the  potential  drop  over  the  tube, 
while  the  average  value  of  the  cur¬ 
rent  increases.  A  plot  of  the  aver¬ 
age  curve  would  lead  one  to  think 
that  the  characteristic  curve  should 
have  been  stabilized  by  the  resist¬ 
ance  R  used  in  the  circuit,  but  the 
fact  that  different  “average”  curves 
were  obtained  for  different  resist¬ 
ances  showed  at  once  that  oscillations 
were  present  and  these  were  ob¬ 
served  with  a  cathode-ray  tube.  As 
the  current  was  increased,  the  oscil¬ 
lation  ceased  and  a  more  or  less  reg¬ 
ular  curve  was  obtained.  Curves  of 
this  kind  were  determined  for  each 
pair  of  elements.  Since  the.se  cur- 
rent-vs-voltage  curves  were  taken 
under  conditions  which  clearly  did 
not  represent  typical  operating  con¬ 
ditions,  it  was  considered  worth 
while  to  compare  the  ob.served  cur¬ 
rents  and  voltages  at  the  time  of 
“firing”  with  those  of  the  two  ele¬ 
ment  characteristics.  For  example, 
with  150  volts  on  the  anode  and 
with  the  inner  grid  (gr,)  at  zero,  the 
grid  current  in  the  gj  circuit  at  the 
instant  of  complete  discharge  w’as 
observ’ed  to  be  4.5x10*  amperes, 
and  the  corresponding  voltage  was 
78  volts.  This  point  is  shown  by  a 
circle  next  to  the  curve  of  Fig.  6. 

In  order  to  initiate  a  discharge 
l)etw’een  any  two  elements  the  point 
of  maximum  voltage,  point  B  of  Fig. 
6,  must  first  be  exceeded.  It  is  for 
this  reason  that  the  critical  poten¬ 
tials  presented  in  Table  I  correspond 
to  this  point  and  not  to  the  actual 
.  grid  potential  impressed  on  the  grid 
at  the  instant  of  “firing.”  If  a  line 
is  drawn  through  the  point  B  with 
i  a  slope  of  — 1/R,  where  R  is  the  re¬ 
sistance  in  the  grid  circuit,  the  inter¬ 
section  of  this  line  with  the  current- 
•  voltage  curve  will  give  the  current 
and  voltage  immediately  after  the 
glow  discharge  to  this  grid  is  initi¬ 
ated,  as  shown  by  point  C  of  Fig.  6. 
In  case  this  current  is  less  than  that 
recjuired  to  cause  a  complete  dis¬ 
charge  between  the  cathode  and 
anode,  the  tube  does  not  become  fully 
conducting. 

Let  us  redirect  our  attention  to 
Table  II,  and  notice  in  particular 


that  with  the  help  of  a  small  con¬ 
denser  (.0005  to  .01  u.fd.)  connected 
between  grid  and  cathode,  or  be- 
tw’een  grids,  depending  on  the  type 
of  circuit  used,  the  large  instantan¬ 
eous  current  required  to  complete 
the  discharge  can  be  furnished  by 
the  conden.ser,  since  in  this  case  the 
“load-line”  can  be  made  so  nearly 
vertical  through  the  point  “B”  that 
its  intersection  with  the  grid-cur¬ 
rent  characteristic  curve  is  well  be¬ 
yond  the  minimum  current  required 
to  “fire”  the  strobotron.  The  maxi¬ 
mum  current  required  from  the  con¬ 
trol  circuit  corresponds  to  that  at 
point  B,  since  the  condenser  is 
charged  up  by  the  control  current 
between  consecutive  operations  of 
the  strobotron. 

Another  way  of  operating  a  strob¬ 
otron  with  an  exceedingly  small  cur¬ 
rent  results  from  crossing  the  boun¬ 
dary  b-c  near  the  point  c.  The  cur¬ 
rents  demanded  in  the  outer-grid 
circuit  for  this  operation  never  ex¬ 
ceed  lO”*  ampere  and  in  many  cases 
are  nearer  10^  ampere.  The  break¬ 
down  here  occurs  as  a  two-stage 
process.  When  the  potential  of  the 
inner  grid  is  maintained  only  three 
or  four  volts  less  than  the  critical 
potential  F„  =  130  volts,  and  the  re¬ 
sistance  in  this  circuit  is  less  than 
20,000  ohms,  it  is  easy  to  see  that 
very  little  current  will  be  required 
in  the  outer-grid  circuit  to  initiate 
the  glow  by  cro.ssing  the  critical  po¬ 
tential  Vtc.  This  crossing  triggers 
off  the  glow  between  the  inner  grid 
and  the  cathode  w’hich  in  turn  brings 
about  the  complete  breakdown  cath¬ 
ode  to  anode.  Either  the  condenser 
method  or  the  “trigger  action” 
method  of  firing  should  be  used 
whenever  it  is  necessary  to  control 
a  strobotron  with  a  photoelectric 
cell  or  any  other  high-resistance  low- 
current  source. 

In  designing  circuits  for  strobo¬ 
tron  use,  it  is  important  to  visualize 
the  characteristic  loop  shown  in 
Figs.  2  and  3,  and  to  remember  that 
starting  by  crossing  the  line  a-b 
can  be  accomplished  with  the  least 
grid  current  when  double  grid  con¬ 
trol  is  needed.  The  use  of  a  small 
condenser  to  furnish  the  instanta¬ 
neous  grid  current  is  strongly  recom¬ 
mended  when  the  control  current  is 
very  small.  If  only  single  grid  con¬ 
trol  is  needed,  then  the  “trigger” 
method  should  be  used  for  small  cur¬ 


rents  in  the  control  circuit.  Since 
the  initial  currents  used  in  the  strob¬ 
otron  are  the  result  of  field  emis¬ 
sion,  assisted  in  some  cases  by  the 
minute  room-temperature  thermionic 
or  photoelectric  emission  (assuming 
that  the  tube  is  not  in  the  dark), 
the  starting  characteristics  are  not 
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Fig.  6 — Current  flow  between  grids 
as  a  function  of  potential  difference 


as  reproducible  as  one  would  like 
for  operation  on  a  narrow  voltage 
margin.  It  is  therefore  necessary 
to  provide  for  a  considerably  greater 
range  of  operating  potentials  than 
is  required  for  the  conventional  hot- 
cathode  type  of  grid-controlled  gas- 
discharge  tube.  The  advantage 
gained  in  having  no  “stand-by” 
power,  an  instantaneous  peak  cur¬ 
rent  capacity  of  a  hundred  amperes 
or  more,  no  heating  period,  and  neg¬ 
ligible  temperature  effect,  often  more 
than  compensates  for  the  wider 
operating  range  for  which  provision 
must  be  made. 
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Electronic  Self-Portraits 


By  creating  fluorescent  images  of  themselves  in  a  radial  electron  microscope,  electrons  emit¬ 
ted  from  wire  filaments  reveal  the  progress  of  activation  in  thoriated  tungsten  and  other 
effects  of  interest.  Photographs  taken  hy  Messrs.  Johnson  and  Shockley  at  M.I.T. 


The  production  of  electron  pic¬ 
tures,  by  recording  the  images 
produced  by  electron  beams  imping¬ 
ing  on  fluorescent  materials,  has  be¬ 
come  a  highly  valuable  tool  in  many 
fields  of  scientific  research.  One  of 
the  latest  applications  of  this  tech¬ 
nique  has  been  made  by  Dr.  R.  P. 
Johnson  and  Mr.  W,  Shockley,  who 
reported  in  the  Physical  Review^  the 
use  of  a  new  and  simple  electron 
microscope  to  examine  the  emission 
of  electrons  from  filaments.  The  re¬ 
sults,  while  of  more  scientific  than 
engineering  significance,  are  re¬ 
markable  examples  of  how  much  can 
be  learned  about  electron  behavior 
by  direct  observation. 

The  electron  microscope  tube  used 
in  obtaining  the  pictures  is  shown 
in  the  figure.  It  consists  of  an 
evacuated  cylinder  coated  on  the  in¬ 
side  surface  with  fluorescent  wille- 
mite.  This  surface  acts  as  the  anode 
of  the  tube  and  is  maintained  at  a 
positive  potential  of  several  thou¬ 
sand  volts,  applied  to  a  wire  helix 


of  the  tube;  electrons  emitted  from 
it  are  attracted  radially  toward  the 
anode  coating,  where  they  produce 
fluorescence  whose  brilliance  de¬ 
pends  on  the  number  of  electrons 
hitting  per  second  and  their  velocity. 
The  “pattern”  formed  on  the  fluor¬ 
escent  surface  is  a  magnified  image 
of  the  electron  emission  at  the  sur¬ 
face  of  the  filament.  With  a  5-mil 
wire  in  a  two-inch  tube  the  magnifi¬ 
cation  is  about  400  times,  with  a 
resolution  of  about  1“  horizontally 
and  0.2  mm.  vertically. 

If  a  raw  tungsten  wire  is  placed 
in  the  tube  and  operated  at  room 
temperature,  the  pattern  shows  elec¬ 
tron  emission  in  blotches,  which 
Messrs.  Johnson  and  Shockley  at¬ 
tribute  to  field  emission  from  rough 
spots  on  the  filament  surface.  When 
the  wire  is  heated  to  a  dull  red  the 
coiled  inside  the  tube  and  resting  splotches  of  fluorescence  disappear, 
against  the  coating.  The  filament  and  as  the  temperature  is  increased, 
under  examination  is  suspended  un-  the  thermionic  type  of  emission 
der  spring  tension  along  the  axis  comes  into  play.  The  emission  pat- 

of  the  tube.  It  forms  the  cathode  tern  in  this  case  is  marked  with 


Left,  diagram  of  typical  microscope 
tube  used  in  obtaining  the  electron 
pictures.  Right,  emission  pattern 
obtained  from  raw  tungsten  wire 
at  room  temperature 


Microphotographs  of  the  surfaces  of  tungsten  wires  used  in  the  test,  for  comparison  with  the  magnified 
images  produced  electronically.  Above,  left,  raw  wire  from  spool  showing  die-marks  (compare  with  elec¬ 
tron  images  on  opposite  page).  Right,  same  wire  after  operating  for  one  hour  at  2800°.  Below,  left, 
wire  smoothed  by  electrolysis.  Right,  electrolyzed  wire  after  one  hour  operation  at  2800°  K.,  showing  large 

crystal  boundary 
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Activation  of  thoriated  tungsten  (all  pictures  made  at  1200'’  K.  with  decreasing  exposure  times).  Left  to 
right,  after  ten  second  flash  at  2800°  K.;  after  four  minutes  activation  at  1850°  K.;  after  20  minutes;  after 
30  minutes;  and  after  70  minutes,  showing  complete  activation 


liffht  and  dark  stripes,  more  or  less 
rejrularly  spaced  and  continuous 
alonjr  the  lenj?th  of  the  tube.  Ap¬ 
parently  these  stripes  are  reproduc¬ 
tions  of  die-marks  made  in  drawing 
the  wire;  smoothing  the  wire  by 
electrolysis  or  abrasion  will  produce 
a  pattern  comparatively  free  from 
groove-marks.  As  the  temperature 
of  the  filament  is  increased,  the  pat¬ 
tern  becomes  more  brilliant  but  does 
not  change  in  form. 

The  unusual  behavior  of  thoriated 
tungsten  as  an  electron-emitting 
substance  is  well  illustrated  in  the 
series  of  five  photographs  shown 
above.  The  thoriated  wire  is  first 
“flashed”  at  a  temperature  of  2800® 
K.  which  removes  the  thorium  from 
the  surface.  The  temperature  is 
then  reduced  to  1200®  K.  The  emis¬ 
sion  pattern  shows  bright  spots  un¬ 
der  this  condition.  The  temperature 
is  then  raised  to  the  “forming”  or 
activation  temperature  of  1850®  K. 
where  it  remains  for  more  than  an 
hour.  At  intervals  during  this  ac¬ 
tivation  period,  the  temperature  of 
the  filament  is  reduced  to  1200®  K. 
and  the  emission  pattern  examined. 
The  progress  of  the  activation,  that 
is  the  formation  of  the  active  thori¬ 
um  layer  on  the  surface  of  the  fila¬ 
ment.  can  be  followed  by  examining 
the  photographs.  Each  original 
bright  spot  seems  to  act  as  a  source 


of  thorium,  which  migrates  over  the 
surface  until  it  covers  it  almost 
completely.  When  the  activation  is 
complete,  the  emission  pattern  is 
very  similar  to  that  of  pure  tung¬ 
sten,  including  the  groove  stripes 
previously  mentioned.  However, 
the  thoriated  filament  will  produce 


as  bright  a  pattern  at  1200®  K.  as 
will  pure  tungsten  at  2000®  K. 

>  An  Electron  Microscope  for  Filaments : 
Emission  and  .Absorption  by  Tungsten  Single 
Crystals,  K.  P.  Johnson  ami  W.  Shockley. 
Phgs.  Rev.  49.  430  (March,  l.’j.  1930).  This 
work  was  performed  at  the  Eastman  Research 
Laltoratories  of  the  Massachusetts  Institute 
of  Technology.  The  Editors  are  indebted  to 
I*r.  Johnson,  now  with  the  G.  E.  Research 
I.ahoratory  at  Schenectady,  for  supplying  the 
photographs. 


Emission  pattern  from 
drawn  tungsten  wire, 
showing  the  stripes 
produced  by  die- 
marks  in  the  wire, 
photographed  at  ap- 
proximately  2000°  K. 
The  wire  helix  has 
been  replaced  by  a 
strip  of  platinum 
paint  in  this  tube 
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3  16,000  ohms 

^  50,000 

(,  -  K  I00,v'^00  ohm& 

40,000  ohms 

ti  -  it), 000  ohms  fixet^  plus>  70,000  ohn^s  vc^ivoble 
iZ  Ri3  Tvvo  Qjing  voiriable  resistor,  1,000  ot»rT)S  cino<  S,000  ohms 
Resistor  ec^uoil  to  resistt^ce  ot  reccrrder 
10,000  ohms  ,  t)0  woitts 
',-Ps  700,000  ohm  poter^tiometers 

SP5T  joicK  switches 
>5  I?  posit*on  rotary  switch 

^4  SPOT  joick  switch 
>S  rotary  switch 

>7  DPOT  toggle  switch 

fj  Transformer  with  plate  voltages  of  4S0*0'4S0  volfs  and  filament 
voltages  suitabi'*  for  tubes  used  in  the  amplifier, 
rh  20  hen^y  choKc  coil 
Cl  8  /ufd.  fiHer  condenser 


A  D-C  Amplifier 


Upper  peeitien  -  Logarithmic  retp 
Lowfor  peoHien- Linear  reeponee 


’ithmic 


Battery  poioer  supply 


Line  pevwer 
1  wpply 


Output 


Fig.  1 — Schematic  wiring  diagram  of  the  amplifier  showing  alternative  forms  of  power  supply 


IN  THE  older  branches  of  the  elec¬ 
trical  industry  the  widespread 
use  of  graphic  recorders  is  axiom¬ 
atic.  Similarly,  as  electronics  comes 
of  age,  there  in  an  increasingly  ap¬ 
parent  tendency  to  employ  graphic 
recording  instruments,  not  only 
where  permanent  records  are  de¬ 
sired,  hut  also  in  the  measurement 
and  observation  of  continuous  phe¬ 
nomena  encountered  in  development 
and  test  work. 

However,  the  application  of  re¬ 
cording  instruments  to  electronic 
applications  differs  in  one  marked 
respect,  namely,  the  more  frequent 
occasion  for  recording  of  other-than- 
linear  quantities.  This  is  particu¬ 
larly  true  in  the  fields  of  audio, 
video,  and  radio  propogation  where 
the  quantitative  criterion  is  very 
often  a  logarithmic  function.  In  such 


rithmic  response,  or  by  using  an  ex- 
By  JOHN  P.  TAYLOR  temal  amplifier  having  a  linear 

Albuquerque,  A\  uex.  input-logarithmic  output  character¬ 

istic.  Where  equipment  for  perma¬ 
nent  installation  is  concerned,  the 
first  alternative  is  usually  preferable, 
cases,  direct  recordings  on  a  loga-  However,  for  general  laboratory  ap- 
rithmic  scale  are  obviously  desirable,  plications  an  external  logarithmic 
Although  logarithmic-response  in-  amplifier  is  ordinarily  more  advan- 
struments  of  the  panel  type  have  tageous  in  that  it  can  be  combined 
been  devised  (for  instance,  those  with  existing  measuring  equipment 
used  in  portable  sound-level  measur-  of  practically  any  type,  without 
ing  equipments),  there  is  to  date,  necessity  of  redesigning  or  recali- 
no  standard  graphic-recording  in-  brating  such  equipment, 
strument  with  this  type  of  response.  The  amplifier  described  was  de- 
It  is,  therefore,  necessary  to  use  the  signed  for  applications  of  this  kind, 
ordinary  linear-response  recorders.  The  original  need  arose  in  connec- 
and  provide  some  intermediate  tion  with  the  problem  of  making 
means  of  driving  these  logarithm!-  logarithmic  recordings  of  broadcast 
cally.  This  can  be  done  in  two  ways,  station  field  intensities.  However, 
ie.,  by  designing  the  particular  considerable  flexibility  was  purposely 
equipment  to  have  an  inherent  loga-  incorporated  in  order  that  the  same 
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for  Logarithmic  Recording 


1  equipment  might  be  used  for  any 
similar  application  wherever  a  linear- 
logarithmic  response  is  required. 
The  method  followed,  and  the  re¬ 
sults  obtained,  may,  therefore,  be  of 
some  general  interest. 

General  Characteristics 

The  type  of  recorder  most  widely 
used  requires  5  milliamperes  for  full- 
scale  deflection.  Output  of  this 
order  is,  therefore,  the  first  requi¬ 
site  of  equipment  for  this  purpose. 
Since  most  electronic  measuring  de¬ 
vices  are  not  designed  for  this  load, 
a  certain  amount  of  power  amplifica¬ 
tion  is  required.  The  present  am¬ 
plifier  has  been  designed  to  provide 
an  output  of  5  ma.  (across  any  load 
up  to  5000  ohms)  with  an  input  of 
3  volts.  Since  the  impedance  of  the 
input  attenuator  is  approximately 
450,000  ohms,  the  load  which  it 
places  on  the  source  is  less  than  ten 
microamperes.  To  provide  wide 
flexibility  of  input,  a  switch  is  ar¬ 
ranged  to  cut  out  one  stage  of  the 
amplifier.  In  addition,  any  inter¬ 
mediate  range  is  available  by  using 
the  input  attenuator  which  is  cali¬ 
brated  in  logarithmic  steps. 

The  second  requirement  of  an  am¬ 
plifier  of  this  type  is  a  useful  re- 
i  sponse  throughout  a  range  appro- 
I  priate  to  the  phenomena  to  be  en- 

I  countered.  Since  the  difficulty  of 
obtaining  stability  and  accuracy  in¬ 
creases  rapidly  as  this  range  is  in¬ 
creased,  the  choice  must  represent, 
to  some  degree,  a  compromise.  Thus, 

I  although  a  range  of  70  or  80  db 
might  find  occasional  use,  a  more 
I  practical  amplifier  results  if  a  less 
extended  range  is  chosen.  The  am¬ 
plifier  described  was  designed  with 
the  idea  of  obtaining  a  useful  re¬ 
sponse  approaching  50  db.  This 
provides  for  most  all  likely  require¬ 
ments,  and,  as  will  be  noted  later,  is 

Ea  convenient  choice  as  regards  scale. 
In  addition  to  these  primary  re¬ 
quirements,  equipment  for  general 
laboratory  and  field  use  must  have  a 
certain  amount  of  overall  flexibility. 
Several  features  have  been  included 
with  this  in  mind.  For  instance,  a 


six-pole  switch  has  been  provided  so 
that  the  amplifier  may  be  instantly 
changed  from  logarithmic  to  linear 
amplification.  Again,  provision  has 
been  made  for  either  battery  or  a-c 
operation.  Finally,  a  simple  means 
of  calibrating  the  equipment  has 
been  built-in. 

The  most  difficult  problem  in 
building  a  direct-current  amplifier  is 
that  of  maintaining  stability.  This 
follows  from  the  fact  that,  unlike 
a-c  amplifiers,  the  output  is  markedly 
dependent  on  supply  voltages.  If  no 
compensating  arrangement  is  used, 
changes  in  plate  current  cause  cor¬ 
responding  changes  in  output  and 
near  zero  on  the  scale  these  may 
amount  to  very  large  percentage 
errors.  In  a  logarithmic  amplifier 
this  is  still  more  pronounced  be¬ 
cause  of  the  very  high  gain  at  the 
bottom  of  the  scale.  In  developing 
the  present  amplifier,  various  means 
of  compensating  for  first-stage  drift 
were  tried,  but  it  was  found  that  no 
simple  method  would  suffice.  As  a 
result  it  was  necessary  to  use  a 
balanced-type  amplifier.  The  ar¬ 
rangement  is  quite  simple  (see  Fig. 
1).  Since  it  is  essentially  a  bridge 
circuit,  ordinary  changes  in  battery 
voltage  will  not  affect  the  output. 
The  use  of  pentode  tubes  makes 
feasible  a  gain  of  about  30  db  with¬ 
out  resorting  to  an  impractically 
high  plate  voltage.  The  values  of 
resistances  R»  and  Rio  are  not  criti¬ 
cal,  but  these  must  be  well-matched. 
Similarly  the  two  6D6’s  used  should 
be  selected  for  identical  character¬ 
istics.  These  tubes  have  good  uni¬ 
formity  and  it  has  been  found  that 
two  of  practically  identical  char¬ 
acteristics  can  be  found  easily. 

Exponential  Second  Stage 

At  zero  input  the  voltage  across 
R*  Ru>  is  zero.  When  input  voltage 
is  applied  the  instantaneous  plate 
current  of  one  tube  increases,  caus¬ 
ing  a  negative  voltage  to  appear 
across  the  resistors.  This  voltage  is 
applied  to  the  grids  of  four  tubes 
in  parallel  in  the  second  stage.  The 
reason  for  this  arrangement  will  be 


evident  from  a  study  of  Fig.  2. 
Curve  a  is  the  plate  characteristic 
of  a  single  6D6,  biased  slightly  nega¬ 
tive.  This  tube,  which  is  of  the  re¬ 
mote  cut-off  type,  has  a  character¬ 
istic  usually  referred  to  as  exponen¬ 
tial.  However,  as  can  be  seen,  it 
closely  approaches  this  over  only  a 
comparatively  small  range  (about 
20  db).  Nevertheless,  it  is  roughly 
exponential  over  a  much  wider 
range — and  hence  occurs  the  idea  of 
obtaining  a  logarithmic  curve  by 
adding  correction.  As  can  be  seen 
the  departures  from  exponentiality 
occur  at  the  top  and  bottom  of  the 
curve — at  which  points  the  curvature 
is  not  sufficiently  great.  Correction 
at  the  top  is  obtained  by  placing  two 
6D6  tubes  in  parallel,  and  biasing 
them  so  that  they  cut  off  curve  b 
rapidly,  thus  increasing  the  curva¬ 
ture  near  the  axis.  Correction  at 
the  other  end  is  obtained  by  adding 
another  6D6  with  its  grid  fed  from 
a  potentiometer.  This  is  adjusted 
so  that  only  a  small  part  of  the 
first-stage  output  voltage  operates  on 
this  tube.  The  resulting  character¬ 
istic  (curv'e  c)  drops  off  slowly,  thus 
providing  the  curvature  desired. 
The  screen  grids  and  plates  of  all 
four  tubes  are  connected  together. 
Curve  d  is  the  total  current — and  is 


Fig.  2 — Electrical  characteristics  of 
the  tube  combinations  and 
recorder  current 
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Fig.  3  —  Field 
strength  record 
made  automatically 
with  the  field  in¬ 
tensity  meter  and 
amplifier  shown  on 
page  27 


The  switch  Sj  also  changes  the  feed¬ 
back  voltage  tap,  thus  allowing 
compensation  to  be  independently 
obtained  for  linear  as  well  as  the 
logarithmic  amplifier  connection. 


a  logarithmic  curve  of  good  cor¬ 
respondence.  The  abscissa  of  Fig. 

2  is,  of  course,  the  voltage  input  to 
the  second  stage. 

The  current  of  curve  d'is  used  to 
drive  the  recorder — which  is  placed 
directly  in  the  circuit.  However,  as 
the  total  variation  is  to  be  limited  to 
5  ma.,  and  the  recorder  is  to  read 
zero  at  the  position  corresponding  to 
zero  on  Fig.  2,  it  is  necessary  to 
provide  a  balancing  current,  and  also 
to  shunt  the  recorder  terminals.  The 
first  is  accomplished  by  tapping  an 
additional  positive  voltage  off  of  the 
bleeder,  and  feeding  this  back  in  re¬ 
verse  direction.  By  adjusting  re¬ 
sistor  Rn  the  recorder  can  be  made 
to  read  zero  at  zero  input.  The  ar- 
ment  used  also  makes  it  possible  to 
compensate  for  changes  in  line  volt¬ 
age  in  relatively  simple  manner.  This 
is  accomplished  by  adjusting  the 
value  of  the  feedback  voltage.  Since 
this  voltage  is  obtained  from  the 
same  bleeder  as  the  plate  voltage,  a 
point  will  be  found  such  that  changes 
in  the  two  voltages,  caused  by 
changes  in  line  voltage,  will  just 
balance  each  other.  This  balance, 
of  course,  will  be  perfect  for  only 
one  point  on  the  output  scale.  How¬ 
ever,  by  choosing  this  point  toward 
the  lower  end  of  the  scale,  a  balance 
is  obtained  such  that  a  10%  varia¬ 
tion  in  line  voltage  will  cause  a  varia¬ 
tion  of  only  0.1  ma. — or  1  db — at 
the  worst  point.  This  is  an  error 
that  is  well  within  the  overall  error 
of  the  equipment. 

As  will  be  seen  from  Fig.  2,  the 
total  change  in  plate  current  for  a 
50  db.  change  in  input,  that  is,  from 
0.3  volts  to  100  volts — causes  a  vari¬ 
ation  in  total  plate  current  of  8  ma. 
The  recorder  is  placed  in  series  with 
this  circuit,  and  is  shunted  with  a 
variable  resistor  i?,.  which  re¬ 
duces  this  variation  in  recorder  cur¬ 
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rent  to  5  ma.  Then,  if  50  division 
recording  paper  as  shown  in  Fig.  3 
is  used,  each  scale  division  repre¬ 
sents  one  decibel.  The  recording  is 
then  direct  reading,  convenient,  and 
of  quite  good  accuracy.  To  facili¬ 
tate  operation  a  5  ma.  meter,  M,  is 
placed  in  series  with  the  output  ter¬ 
minals,  and  a  switch  S,  arranged  so 
that  the  recorder  may  be  cut  out  of 
the  circuit,  a  resistance  /?,«  equal  to 
the  resistance  of  the  recorder,  being 
substituted.  This  allows  the  setup 
to  be  adjusted  or  the  calibration 
checked  without  causing  meaning¬ 
less  marks  on  the  record.  Since 
several  types  of  recorders  are  in 
general  use,  three  output  terminals 
have  been  provided,  and  the  shunt 
resistor  R,,  Ra  is  of  the  ganged  two- 
section  type  with  the  center  point 
brought  out  to  terminal  E.  Where 
a  high  resistance  recorder  is  used 
the  connections  are  made  to  term- 
minals  D  and  F,  and  terminal  E.  left 
open.  For  a  low  resistance  recorder 
terminals  E  and  D  are  shorted. 

The  above  description  covers  the 
circuit  for  operation  as  a  logarith¬ 
mic  amplifier.  If  the  unit  is  to  be 
used  for  general  laboratory  applica¬ 
tions,  there  will  also  be  occasions 
when  it  will  be  desired  to  use  it  in 
connection  with  making  linear  re¬ 
cordings.  Such  operation  has  been 
provided  for  and  the  changes  are 
made  by  means  of  a  single  switch  Ss 
Operation  of  this  switch  connects  the 
tubes  of  the  second  stage  to  a  dif¬ 
ferent  group  of  potentiometers  and 
places  the  two  6D6’s  in  parallel. 
These  potentiometers  P,  and  Pj  are 
adjusted  so  that  the  tubes  work  over 
only  the  linear  part  of  the  character¬ 
istic.  The  shunt  resistance  across 
the  recorder  must,  of  course,  be  re¬ 
duced.  For  this  operation  an  in¬ 
put  of  three  volts  to  the  second  stage 
causes  full  deflection  on  the  recorder. 


With  the  above  oi)eration  in  mind 
the  function  of  the  input  attenuator 
can  be  considered.  This  consists  of 
eight  resistors  P,-Pm  with  tai)s 
brought  out  to  a  twelve  position 
switch  Sa.  Positions  0  to  5  of  this 
switch  constitute  a  logarithmic  step- 
attenuator,  each  step  causing  a 
10  db.  attenuation.  This  is  a  con¬ 
venient  arrangement  since  it,  as 
well  as  the  output  meter,  will  be  di¬ 
rect  reading  and  the  readings  are 
directly  additive.  Thus,  if  the  at¬ 
tenuator  is  set,  for  instance,  at  the 
position  marked  3  and  the  output 
meter  reads  4  ma.,  the  input  voltage 
is  immediately  read  as  70  db.  above 
the  reference  level  ( 10  microvolts 
when  both  stages  are  utilized). 

The  remaining  steps,  6  to  10  con¬ 
stitute  a  linear  potentiometer,  each 
step  being  one  quarter  of  the  total. 
This  part  of  the  attenuator  is 
placed  in  operation  by  closing 
switch  Ss,  which  shorts  resistors 
P,  to  Rf  It  is  useful  in  calibrating 
the  linear  operation  of  the  ampli¬ 
fier  and  requires  no  added  resistors, 
since  taps  are  merely  brought  out 
from  sections  of  the  resistors  com¬ 
posing  the  logarithmic  attenuator. 

A  word  about  the  value  of  re¬ 
sistors  R,  to  R»  is  desirable.  Since 
an  overall  accuracy  of  2  db.  is  suf¬ 
ficient  for  this  type  of  work,  and 
since  errors  of  the  order  of  1  db. 
occur  due  to  other  factors,  it  was 
thought  that  resistors  chosen  such 
that  the  error  on  any  step  would  not 
be  more  than  ±:  A  db  would  be  sat¬ 
isfactory.  This  allows  use  of  a  min¬ 
imum  number  of  standard-size  re¬ 
sistors — the  values  of  which  are  indi¬ 
cated  in  Fig.  1.  These  may  be  of 
the  semi-precision  wire-wound  type, 
specified  for  5%  accuracy.  If  several 
of  each  value  of  these  are  available 
to  choose  from  and  a  means  of  meas¬ 
urement  available,  it  is  usually  pos¬ 
sible  to  find  values  within  2%  or  so. 
However,  the  5%  accuracy  values 
are  sufficiently  good  providing  the 
errors  are  not  all  additive. 

When  the  input  attenuator  is  used 
the  input  connections  are  made  to 
terminals  A  and  C.  This  places  an 
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bindinjr  posts  —  terminals  1  to  10  on 
Fijr.  1.  For  field  use  the  power 
supply  is  simply  disconnected  at 
tnese  points  and  removed  entirely. 
Batteries  are  substituted  as  indi¬ 
cated  in  the  inset  of  Fi>r.  1.  It  will 
be  noted  that  the  arrangement  in 
this  case  is  quite  different.  This 
is  done  in  order  to  obtain  drift 
compensation  without  the  undesir¬ 
able  cour.se  of  I’sinK  a  bleeder.  This 
is  accompli.«hed  by  connecting  the 
meter  and  recorder  terminals  in  the 
negative  side  of  the  plate  supply 
and  by  taking  the  feedback  voltage 
from  a  tap  on  the  battery  which 
furnishes  the  .screen  ^nd  voltage. 
With  this  arrangement  (since  pent- 


impedance  of  450,000  ohms  across 
the  source.  If  it  is  desired  to  elim¬ 
inate  this  load,  .switch  S*  may  be 
.set  at  the  “off”  position,  and  the 
input  connections  made  to  terminals 
A  and  H.  This,  of  cour.se,  makes  it 
impo.ssible  to  u.se  the  attenuator. 

In  order  to  have  available  a  means 
of  quickly  checking  the  calibration 
of  the  amplifier  a  three  volt  battery 
is  arranged  .so  that  throwing  .switch 
S,  will  connect  it  in  the  circuit. 
When  this  is  done,  taps  0  to  5  afford 
a  means  of  direct  calibration  which 
is  quick  and  convenient.  Thus  with 
switch  S,  set  on  tap  5  the  output 
meter  should  read  zero,  on  tap  4 
it  should  read  1  ma.  and  so  on  up  to 
tap  0,  at  which  it  should  read  full 
.>!cale.  The  .same  calibrating  pro¬ 
cedure  can  be  followed  for  the  linear 
calibration  by  closing  switch  Si  and 
throwing  .switch  S,  to  the  one-stage 
position.  This  allows  taps  6  to  10 
to  be  u.sed  to  calibrate  the  amplifier 
for  linear  operation. 

It  will  be  noted  that  the  plate 
voltage  for  the  first  .stage  is  sup- 
I)lied  by  batteries  while  that  for  the 
.<econd  stage  is  obtained  from  a 
jiower  unit.  Becau.se  the  total  first 
stage  current  is  only  a  few  milliam- 
peres,  it  was  decided  to  u.se  batteries 
exclusively  for  this  stage. 

The  second  stage  however  draws 
considerably  more  current  and  a-c 
operation  is  desirable  when  used  in 
the  laboratory.  A  simple  rectifier 
circuit  suffices  since  a  relatively 
high  hum-level  has  no  effect.  All 
of  the  connections  involving  this 
power  supply  are  made  through 


odes  are  u.sed)  small  changes  in 
plate  voltage  have  no  affect  on  plate 
current  and  if  the  tap  is  correctly 
adjusted  changes  in  the  feedback 
voltage  ( since  they  will  be  balanced 
by  changes  in  screen  voltage)  will 
not  affect  the  current  in  the  output 
circuit.  Thus,  the  only  voltage 
change  which  can  cau.se  drift  is  that 
in  the  section  of  the  screen  grid 
battery  above  the  feedback  tap  — 
and,  since  the  current  drawn  from 
this  part  of  the  battery  is  very 
small,  the  corresponding  drift  w’ill 
be  small  and  will  be  partly  balanced 
out  by  the  change  in  C  battery 
voltage. 

ft'iintinuid  on  /tiigc  .(o) 


Interior  tietc  of  the  amplifier 


An  experimental  set-up  for  taking 
field  strength  measurements 
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A  New  Color-Separator 
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A  double-tube  circuit  distinguishes  between  two  basic  colors 
by  comparing  the  percentage  of  each  in  the  test  sample, 
giving  positive  indications  regardless  of  color  impurities 


By  W.  RICHTER 

.1.  O.  Smith  Corporation 
Milwaukee,  Witc. 


Most  photoelectric  circuits  op-  colors,  corresponding  filters  must  be 

erate  on  the  total  amount  of  used  of  course.)  By  means  of  a 

light  received  by  the  phototube.  If  neutral  optical  wedge  or  a  diaphragm 

the  problem  is  to  separate  a  certain  the  amount  of  total  light  reaching 

shade  of  one  color  from  a  certain  the  two  tubes  is  adjusted  so  that 

shade  of  another  color,  this  can  us-  they  pass  equal  currents,  if  a  white 

ually  be  solved  by  the  application  of  or  grey  piece  of  paper  is  made  to 

a  single  color  filter  to  the  tube.  The  reflect  light  on  them.  (It  is  as- 

problem  becomes  immediately  more  sumed  that  white  contains  all  colors 

complicated  if,  for  instance,  articles  in  about  equal  amounts.)  Such  an 

ranging  from  the  lightest  to  the  arrangement  will  of  course  be  prac- 

darkest  red  are  to  be  separated  from  tically  independent  of  light  fluctua- 

articles  ranging  from  the  lightest  tions,  because  both  cells  receive  light 

to  the  darkest  blue.  The  reason  for  from  the  same  spot.  If  either  the 

the  fact  that  one  cell  with  a  filter  intensity  of  the  light  drops  or  the 

fails  to  function  is  that  the  colors  white  is  replaced  by  a  grey  paper, 

usually  encountered  are  never  pure  which  absorbs  an  equal  amount  of 
colors.  Thus  by  the  application  of  all  colors,  the  light  received  by  the 
a  red  filter  it  should  be  possible  to  two  cells  will  decrease  in  both  of 
make  a  red  piece  of  paper  look  them  the  same  amount,  and  the  two 
lighter  than  a  blue  one,  so  that  the  currents  decrease,  but  remain  equal, 
photo  cell  would  respond  to  all  shades  An  instrument  showing  the  dilfer- 
of  red  with  a  current  larger  than  ence  between  the  two  will  therefore 
for  the  blue  shades.  However,  it  is  remain  at  its  zero  setting.  Now  let 
found  that  light  blue  paper  will  also  the  cells  look  at  any  shade  of  red  or 
reflect  a  good  deal  of  red  light,  as  orange  paper;  no  matter  how  dark 
a  matter  of  fact,  more  than  a  very  or  how  light  the  shade,  the  light 
dark  red  paper.  coming  from  it  will  contain  more 

A  circuit  had  therefore  to  be  de-  red  than  blue  light.  The  cell  with 
vised  which  would  not  be  affected  the  red  filter  will  therefore  receive 
by  the  intensity  of  the  total  amount  more  light  than  the  one  with  the 
of  light  reflected  from  the  article,  blue  and  the  meter  mentioned  above 
but  by  the  ratio  of  the  individual  will  go  to  the  one  side.  The  re¬ 
color  components  of  it.  Thus  while  verse  is  of  course  true  when  looking 
the  light  reflected  from  a  light  blue  at  any  blue  paper, 
paper  may  contain  more  red  light  In  trying  to  put  the  above  stated 
than  the  light  reflected  from  a  dark  principle  into  practice  several  fac- 
red  paper,  yet  the  ratio  between  the  tors  must  be  taken  into  account.  The 
blue  and  red  components  is  certainly  first  thought  would  be  simply  to  have 
larger  in  the  case  of  the  blue  paper  two  cells  looking  at  the  same 
than  in  the  case  of  the  red  paper.  object.  The  two  cells  and  theii 
This  problem  was  solved  very  sat-  lens  systems  can  obviously  not  oc- 
isfactorily  by  an  arrangement,  the  cupy  the  same  space;  therefore  the 
principle  of  which  may  be  stated  two  cells  will  look  at  the  object  undei 

very  simply:  Two  photo  tubes  are  a  slightly  different  angle,  as  showi 

receiving  light  from  the  object  sim-  in  Fig.  1.  Assume  for  a  momeni 
ultaneously,  one  through  a  red  the  the  article  to  be  a  light  red,  whict 

other  through  a  blue  filter.  (If  sep-  would  make  the  cell  with  the  rec 

aration  is  desired  between  two  other  filter  to  pass  more  current.  Now  i1 


may  easily  happen  that  the  surface 
of  the  body  may  have  a  sheen  or 
lustre  or  other  particles  with  pe¬ 
culiar  reflecting  properties  such  as 
to  make  the  whole  article  appear 
much  brighter  when  looking  from 
the  direction  of  the  blue  filtered  cell. 
Under  these  circumstances  it  may 
easily  happen  that  the  blue  cell  would 
receive  more  light  from  the  red  ar¬ 
ticle,  than  the  red  cell  which  of 
course  would  cause  a  wrong  indica¬ 
tion.  It  is  therefore  at  once  obvious, 
that  it  is  of  the  utmost  importance 
that  both  cells  receive  the  same  pic¬ 
ture. 

This  was  accomplished  by  the  ar¬ 
rangement  shown  in  Fig.  2,  which 
shows  the  optical  system  of  the  ap¬ 
paratus.  The  body  B  is  illuminated 
by  a  strong  source  of  light  A;  in 
the  experimental  set  up  an  automo¬ 
bile  spot  light  was  used  and  B  was 
brought  in  its  focal  point,  which  re¬ 
sulted  in  an  intense  illumination. 
The  light  reflected  from  B  is  col¬ 
lected  by  a  large  condenser  lens  C. 
After  passing  through  C  it  falls  on 
a  specially  prepared  mirror  D.  This 
mirror,  about  6  by  6  inches  is  of  the 
ordinary  variety,  obtainable  in  any 
store.  However,  the  back  was  re¬ 
moved  and  the  silvering  removed  in 
1/16"  wide  strips,  so  that  the  mirror 
consists  of  alternate  strips  of  clear 
glass  and  original  surface,  both  of 
them  being  about  1/16"  wide.  Con¬ 
sequently  about  half  of  the  light 
coming  from  C  passes  through  it, 
while  the  rest  is  reflected.  These 
two  parts  pass  now  thru  the  lenses 
E  and  F,  the  purpose  of  which  is 
simply  to  reduce  the  size  of  the  lu- 
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tninous  spot  produced  by  B  so  that  it 
will  be  completely  on  the  cells.  It 
then  passes  thru  the  two  filters  G 
and  H,  furthermore  thru  the  optical 
wedges  I  and  K  and  finally  produces 
a  picture  of  B  on  the  photo  cells  L 
and  Af.  This  picture  is  made  to  be 
somewhat  out  of  focus  in  order  to 
minimize  possible  differences  in  sen¬ 
sitivity  over  the  surface  of  the  cells. 

Since  the  sensitivity  of  the  cells 
to  various  colors  is  very  different, 
usually  being  larger  for  the  red  than 
for  the  blue,  the  cell  with  the  red 
filter  will  pass  more  current  for 
given  incident  light.  Therefore  the 
amount  of  light  reaching  this  cell 
must  be  cut  down.  Since  it  is  of 
great  importance  that  both  cells  re¬ 
ceive  the  light  exactly  from  the 
same  portions  of  B,  an  optical  wedge, 
which  cuts  down  the  intensity  of 
every  ray  of  light  individually  in¬ 
stead  of  a  diaphragm,  which  cuts 
out  a  portion  of  the  rays  entirely, 
is  preferable. 

The  two  wedges  were  prepared  in 
a  most  inexpensive  manner.  A 
length  of  about  three  feet  of  35  mm 
positive  film  for  motion  pictures, 
as  obtainable  from  Eastman  Kodak 
Co.  in  100  foot  lengths  at  about 
1.5  cents  per  foot,  was  mounted  on 
a  flat  board  and  exposed  by  the  light 
from  a  small  bulb  held  about  6  inches 
above  one  of  the  ends.  This  causes 
the  end  under  the  bulb  to  become 
rather  dark,  while  at  the  far  end 
not  only  the  intensity  of  the  light 
is  much  less  but  also  the  angle  of 
incidence  smaller,  so  that  the  strip 
remains  practically  clear  on  this 
end.  The  strip  was  then  fastened 


Fig.  1 — Phototubes  view  sample 
from  different  angles,  producing 
errors.  Fig.  2.  Arrangement  where¬ 
by  both  tubes  view  sample  from 
same  angle. 

Fig.  3 — Method  of  measuring  rela¬ 
tive  phototube  response  in  bridge 
circuit.  Fig.  4.  Same  in  balanced 
form.  Fig.  5.  Circuit  actually  used 
measures  voltage  distribution  be¬ 
tween  tubes 


to  two  small  wooden  rolls  provided 
with  knobs,  and  thus  can  be  moved 
across  the  window  thru  which  the 
light  reaches  the  cell.  Excellent 
stepless  control  was  obtained  in  this 
manner. 

Two  more  points  might  be  of  in¬ 
terest  in  connection  with  the  photo 
electric  and  optical  system.  The 
common  caesium  coated  photo  cell 
has  practically  all  its  sensitivity  in 
the  red  and  infra-red  part  of  the 
spectrum.  The  gelatine  filters  ob¬ 
tainable  all  pass  infra-red  light  very 
freely,  so  that  as  far  as  the  cell  is 
concerned  the  filters  do  not  produce 
the  desired  action.  For  this  reason 
it  is  more  desirable  to  use  potassium 
cells  which  have  their  peak  sensi¬ 
tivity  in  the  visible  part  of  the  spec¬ 
trum.  The  use  of  copper  sulphate 
filters  for  both  cells  was  found  to 
give  better  results. 

There  are  several  ways  in  which 
the  electrical  circuit  can  be  designed 
to  give  an  indication  of  the  differ¬ 
ence  of  current  in  the  two  cells. 
Thus  the  cells  can  be  arranged  in  a 
Wheatstone  bridge,  as  shown  in  Fig¬ 
ure  3.  This  would  probably  be  an 
undesirable  circuit,  due  to  the  insu¬ 
lation  difficulties  of  the  high  resist¬ 
ance  load  resistors  needed.  How¬ 
ever  the  currents  of  the  two  cells 
could  be  at  first  amplified,  the  two 
amplifying  tubes  being  arranged  in 
a  bridge  circuit,  as  shown  in  Figure 
4.  The  circuit  actually  used  is 
shown  in  Figure  5.  This  circuit  is 
well  known  for  its  high  sensitivity 
due  to  the  fiat  characteristics  of  the 
photo  cells.  It  was  run  entirely  from 
batteries,  but  otherwise  is  with  a 
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few  minor  differences  equal  to  tht 
one  described  by  D.  G.  Fink  in  the 
June  1934  issue  of  Electronics  on 
pages  190  and  191.  A  37  tyi)e  tube 
was  used  with  reduced  filament  volt¬ 
age  and  very  low  plate  voltages  and 
the  whole  tube  was  boiled  in  paraf¬ 
fin  to  eliminate  surface  leakage.  The 
apparatus  was  found  to  give  excel¬ 
lent  color  separation  regardless  of 
the  intensity  of  light  and  the  shade 
of  the  sample. 
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Portable  Reverberation  Meter 


Reverberation  time  measures  the  acoustic  value  of  a  room.  This  factor  may  he  calculated 
knowing  the  dimensions  of  the  room,  etc.  But  it  is  often  desirable,  or  necessary,  to  measure 
the  decay  period.  This  calls  for  an  “electrical  ear”  and  a  timing  device 


IT  IS  a  well  known  fact  in  acous¬ 
tical  engineering  that  the  quality 
of  hearing  conditions  in  auditoriums 
is  governed  to  a  large  extent  by  re¬ 
verberation,  the  audible  continuation 
of  sound  throughout  the  room  after 
its  source  has  been  stopped.  Faulty 
acoustical  conditions  are  most  fre¬ 
quently  due  to  an  excessively  slow 
rate  of  decrease  of  this  reverberant 
sound,  with  a  consequent  overlap¬ 
ping  and  confusion  of  spoken  words 
and  musical  notes  which  renders  sat¬ 
isfactory  hearing  difficult  or  im¬ 
possible.  It  has  long  been  known 
that  reverberant  sound  intensity  de¬ 
cays  along  an  approximately  loga¬ 
rithmic  curve,  or,  in  other  words,  at 
a  constant  rate  in  decibels  per  sec¬ 
ond.  This  fact  has  been  made  the 
basis  of  the  definition  of  reverbera¬ 
tion  time,  namely,  the  time  required 
for  sound  energy  to  die  out  over  a 
range  of  60  db.  The  reverberation 
time  as  thus  defined  has  given  long 
and  useful  service  as  a  yardstick 
for  the  acoustical  properties  of 
rooms. 

Reverberation  time  in  most  cases 
may  be  easily  calculated  from  the 
dimensions  of  a  room  and  knowledge 
of  the  sound  absorbing  efficiencies 
of  the  interior  surfaces.  Often, 


By  HALE  J.  SABINE 

The  Celotcx  Corpunition 
Chicago,  III. 

however,  these  calculations  may  be 
extremely  uncertain,  and  it  becomes 
desirable  to  measure  the  reverbera¬ 
tion  time  directly  in  the  room  itself. 
Under  normal  room  conditions,  rea¬ 
sonably  accurate  measurements  may 
be  made  with  simply  a  calibrated 
organ  pipe  and  a  stop  watch.  This 
method,  however,  does  not  reveal 
variations  from  the  theoretical  loga¬ 
rithmic  decay,  which  under  certain 
conditions  may  become  quite  pro¬ 
nounced. 

This  paper  describes  a  portable, 
electrically  operated  reverberation 
meter  designed  to  measure  directly 
the  rate  of  decay  of  reverberant 
sound  in  decibels  per  second.  The 
complete  apparatus  includes  the  re¬ 
verberation  meter  proper  and  a  Gen¬ 
eral  Radio  noise  meter  (which  to¬ 
gether  constitute  the  actual  measur¬ 
ing  equipment)  and  a  sound  source. 
The  latter  may  conveniently  be  a 
portable  instrument  such  as  de¬ 
scribed  by  Anderson'.  It  was  found 
in  this  case  that  the  noise  meter, 
which  was  already  available,  could 
be  readily  utilized  as  part  of  the 

'  EIccIrunicH,  April.  lOIKi. 


required  equipment,  and  the  rever¬ 
beration  meter  was  designed  as  an 
adjunct  to  the  noise  meter. 

The  reverberation  meter  and  noise 
meter  together  constitute  in  effect 
an  electric  ear  having  a  threshold 
which  can  be  varied  by  10  db  steps, 
and  a  timing  device  which  meas¬ 
ures  the  time  required  for  reverber¬ 
ant  sound  to  die  out  from  its  initial 
value  at  the  instant  of  cut-off  to  the 
particular  threshold  chosen.  By 
plotting  the  time  intervals  as  ab- 
cissae  against  the  corresponding 
values  of  threshold  settings  in  db 
as  ordinates,  a  series  of  points  is 
located  which,  when  joined  by  a 
straight  line  of  best  fit,  give  di¬ 
rectly  the  slope  of  the  decay  curve. 
The  reverberation  time  as  defined  is, 
therefore,  the  time  interval  along 
the  horizontal  axis  corresponding  to 
a  range  of  60  db.  along  the  vertical 
axis.  Absolute  values  of  either  time 
or  intensity  are  not  involved,  since 
it  is  only  the  slope  of  the  decay 
curve  which  is  being  measured. 

The  schematic  and  wiring  dia¬ 
grams  indicate  the  operation  of  the 
apparatus.  The  essential  components 
contained  in  the  noise  meter  are 
shown  separately  inside  the  dotted 
lines.  The  microphone  in  this  case 


Schematic  of  complete  apparatus  for  measuring  reverberation  time 
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Typical  data  secured  by  the  equipment  placed  in  several  locations 


is  a  duplicate  of  the  pickup  device 
built  into  the  noise  meter,  but  is 
brought  outside  for  convenience. 
The  band  pass  filter  may  be  inserted 
to  pass  the  frequency  of  the  test 
tone  while  suppressing  interfering 
noise  of  other  frequencies.  The  2i 
db  step  attenuator  may  also  be  in¬ 
serted  if  it  is  desired  to  take  .smaller 
steps  along  the  curve.  The  10  db 
stej)  attenuator  in  the  noise  meter 
is  utilized  as  the  variable  threshold 
control.  Output  terminals  were 
added  to  the  noi.se  meter,  and  a 
switch  was  provided  for  transfer¬ 
ring  the  output  of  the  amplifier  from 
the  decibel  meter  movement  to  these 
terminals.  Since  the  amplifier  is 
heavily  overloaded  while  the  .sound 
source  is  operating,  it  was  necessary 
to  take  the  meter  movement  out  of 
the  circuit  to  prevent  damage  to  it. 

The  reverberation  meter  proper 
consists  of  a  stage  of  amplification 
of  conventional  type  followed  by  a 
small  copper  oxide  rectifier  and  a 
low-pass  filter  section.  These  two 
elements  convert  the  a-c  output  of 
the  amplifier  tube  to  a  steady  posi¬ 


tive  d-c  voltage  on  the  grid  of  the 
thyratron.  A  variable  negative  bias 
furnished  by  the  C  battery  and  po¬ 
tentiometer  is  superimposed  on  the 
positive  voltage  so  that  their  re¬ 
sultant  algebraic  sum  is  the  effec¬ 
tive  voltage  controlling  the  plate 
current  of  the  thyratron.  This  plate 
current  will  flow  only  when  the 
positive  voltage  due  to  the  sound 
input  is  high  enough  to  bring  the 
total  grid  voltage  more  positive  than 
the  di.scharge  potential  of  the  tube, 
in  this  case  approximately  — 2  volts. 
The  variable  negative  bias  serves 
as  a  threshold  control  supplementary 
to  the  10  db  .step  attenuator,  since 
the  more  negative  this  bias,  the  more 
positive  must  be  the  sound  input 
voltage  to  cause  the  tube  to  dis¬ 
charge.  By  this  means  it  is  pos¬ 
sible  to  set  the  threshold  of  the  en¬ 
tire  system  just  above  the  noise  level 
existing  in  the  room  under  test. 

The  plate  current  of  the  thyratron 
operates  a  relay  which  in  turn  con¬ 
trols  the  starting  and  stopping 
mechanism  of  the  clock.  This  is  a 
Leeds  &  Northrop  synchronous  timer 


having  a  very  rapid  and  positive 
clutch  mechanism  operated  by  a  pair 
of  opposing  magnets.  The  clock 
movement  is  operated  by  a  standard 
.synchronous  clock  motor  and  is 
geared  to  complete  one  revolution 
in  10  seconds.  The  dial  is  grad¬ 
uated  in  tenths  of  a  second,  and  may 
be  easily  estimated  to  hundredths. 
The  push  button  in  the  plate  circuit 
of  the  thyratron  is  arranged  so  as 
to  turn  on  the  sound  source  and 
break  the  plate  circuit  simultane¬ 
ously  when  pressed,  and  when  re¬ 
leased  to  cut  off  the  source  and  close 
the  plate  circuit,  thus  allowing  the 
clock  to  start  the  instant  the  source 
is  stopped. 

The  plate  of  the  thyratron  is  sup¬ 
plied  with  110  volts  a.c.  from  the 
pow’er  line.  With  this  arrangement, 
the  plate  current  will  automatically 
be  turned  on  and  off  as  the  grid 
voltage  is  varied  back  and  forth 
through  the  critical  value.  Under 
field  conditions  the  decay  of  sound 
energy  actually  takes  place  with 
rather  wide  fluctuations  about  an 

(Continiipd  on  jiasp  ."{ri) 


Wiring  diagram  of  reverberation  meter  for  measuring  auditoriums 
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New  intermediate-film 
pickup  cameras  and  a  pro¬ 
jector  for  theatre  use  appear 
in  England  and  Germany 


This  truck,  the  second  of  its  kind  constructed  in  Germany,  is  fitted  to 
develop  the  film  taken  by  the  camera  on  its  roof,  cuid  scans  the  film 
immediately  for  transmission.  The  whole  process  of  development  and 
scanning  consumes  thirty  seconds 


An  English  version  of  the 
intermediate-film  pickup  ca¬ 
mera.  The  film  camera  at 
the  upper  right  feeds  ex¬ 
posed  film  through  the  hol¬ 
low  standard  to  the  develop¬ 
ing  tank.  After  reversing 
the  film  is  projected  on  the 
rotary  scanning  disc  and 
photocell  (left  foreground) 


Apparatus  installed  in  the  television  truck.  The 
units  are:  (1)  power  supply  controls;  (2)  develop¬ 
ing,  uxuhing  and  fixing  tanks;  (3)  the  rotary 
scanner  which  scans  the  film  immediately  before 
it  is  completely  dry;  (4)  the  photocell  amplifier 
and  u-h-f  relay  transmitter  which  sends  the  signal 
to  the  main  transmitter 


This  television  receiver  is 
built  by  Femseh  A.G.  of 
Berlin  for  use  in  theatres. 
The  cathode-ray  tube  behind 
the  lens  operates  with  18,003 
volts  on  the  accelerating 
anode,  producing  an  image 
bright  enough  to  be  pro¬ 
jected  on  a  screen  3  by  4 
feet  in  size 


New  members  of  the  cn- 
thode-ray  tube  family. 
Large-size  tubes  (12-,  15- 

and  22-inch  screens)  con¬ 
structed  in  England  for  tele¬ 
vision  reception.  The  fluo¬ 
rescent  screens  produce  a 
practically  pure  black-white 


Multiple-Circuit  Pads 


A  chart  for  determining  the  resistance  values  in  networks  designed  to  match  several  like 
impedances  to  one  other  impedance  of  different  value,  for  example,  matching  several 
500-ohm  telephone  lines  to  a  2000-ohm  amplifier  output 


Frequently  the  communica¬ 
tions  engineer  is  confronted  with 
the  problem  of  feeding  two  or  more 
telephone  lines  from  one  amplifier, 
or  the  inverse  case  of  feeding  two 
or  more  amplifiers  from  one  tele¬ 
phone  line.  In  such  cases  the  cir¬ 
cuits  may  be  matched  by  a  network, 
or  pad,  of  resistance  elements.  While 
such  a  pad  introduces  a  loss,  the  loss 
is  usually  not  more  than  25  decibels, 
and  in  many  cases  is  much  less  than 
this  amount.  The  simplicity  of  the 
network  and  its  freedom  from  fre¬ 
quency  error  recommend  it  in  pref¬ 
erence  to  transformer  coupling. 

Chart  suitable  for 
sim  circuits 

The  chart  printed  on  the  reverse 
side  of  this  page  presents  curves 
for  calculating  the  various  constants 
in  such  multiple  pads  for  from  three 
to  six  circuits.  The  curves  are  cal¬ 
culated  for  matching  one  circuit  of 
reflected  impedance  Z,  to  several  cir¬ 
cuits  of  reflected  impedance  Z,.  The 
ratio  K  =  Z,/Z„  the  total  number 
of  circuits  N  (including  both  input 
and  output  circuits),  and  the  im¬ 
pedance  Z,  are  the  factors  determin¬ 
ing  the  values  of  the  resistances 
used  in  the  pad.  In  terms  of  K  and 
iV,  the  factors  C  and  E  are  found 
from  the  chart.  The  resistances 
R.  (shown  in  the  diagram)  are  then 
Ri  —  Z,C  and  the  resistance  Rt  = 
K  —  E).  For  example  let  Z,  be 
2(M.'0  ohms  and  Z,  be  500  ohms.  Then 
K  ~  2000/500  =  4.  Four  imped¬ 
ances  Z,  are  to  be  matched  with  one 
in:p  dance  Z,.  The  number  N  is 
then  5.  The  chart  gives  correspond¬ 
ing  values  of  C  and  E  to  be  C= 0.525 
and  E  =  0.380.  The  resistances  Rx 
are  then  Rx  =  500(0.525)  =  262.5 
ohms  and  R,  =  500(4  —  0.380)  = 
1.810  ohms. 


By  FREDERICK  WHEELER 

Kngineer,  Station  M’A'V 


decibels  are  given  in  Fig.  1.  For 
values  of  K  larger  than  12  and  N 
larger  than  6,  the  formulas  are: 


For  cases  where  K  is  greater  than 
12  and  the  number  of  circuits  N  is 
greater  than  6,  the  following  formu¬ 
las  may  be  used: 

K  (N  —  ^)  (N  -  1)  +  \ 

i5  =  (C  -H  1)  /  (iV  —  1) 

The  losses  between  circuits  in 


Db  =  10  logio 


(2K  —  E)* 
K(l  —  C)* 


when  Z,  and  Z,  are  not  equal,  and: 


Z>6  —  20  logio 


1  -I-  C 
1  — C 


when  the  loss  is  between  circuits  of 
the  same  impedance,  i.e.  between 
circuits  of  impedance  Z,  and  Z,. 


Fig.  1.  Decibels  loss  between  impedances  in  the  multiple  circuit  pads 
described  by  Mr.  Wheeler 
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Reverberation  Meter 

(f'ontiiiui'd  from  page  ■]!) 


average  straight  line,  due  to  the  in¬ 
terference  pattern  in  the  room,  so 
that  the  sound  intensity  may  pass 
through  a  given  value  several  times 
before  finally  decreasing  below  that 
value.  Due  to  the  automatic  on- 
and-off  action  of  the  thyratron,  the 
clock  integrates  the  total  time  dur¬ 
ing  which  the  sound  intensity  has 
a  value  above  the  threshold,  thus 
tending  to  average  out  the  fluctu¬ 
ations  in  the  decay  curve. 

Field  Meanuremetitif 

The  procedure  used  in  making 
measurements  in  the  field  is  as  fol¬ 
lows.  The  loud  speaker  is  first  set 
up  at  a  position  corresponding  to 
that  of  the  sound  source  in  the  nor¬ 
mal  use  of  the  room.  The  10  db 
step  attenuator  of  the  noise  meter 
is  set  to  its  lowest  value  of  attenu¬ 
ation,  that  is,  the  lowest  threshold 
obtainable,  and  the  potentiometer 
(marked  “threshold  control”)  which 
varies  the  fixed  bias  on  the  thyra¬ 
tron  is  adjusted  so  that  the  voltage 
on  the  grid  produced  by  the  small 
amount  of  noise  in  the  room  is  barely 
insufficient  to  cause  the  thyratron 
to  discharge.  This  setting  must  be 


left  unchanged  during  any  one  se¬ 
ries  of  10  db  steps  along  the  decay 
curve.  The  sound  source  is  turned 
on  for  a  few  seconds  by  pressing 
the  push  button,  and  on  releasing  it, 
the  clock  registers  the  time  of  sound 
decay  to  the  threshold.  The  attenu- 


Reverberation  meter  on  location 


ator  is  then  set  10  db  higher,  and  a 
shorter  time  is  obtained  to  this 
higher  threshold.  By  setting  the  at¬ 
tenuator  to  successive  steps  until 
the  threshold  is  brought  higher  than 
the  initial  sound  level  itself,  in 
which  case  the  clock  does  not  oper¬ 
ate  at  all,  a  series  of  points  along 
the  decay  curve  is  obtained.  A  sin¬ 
gle  series  of  points  will  normally 
deviate  widely  from  a  straight  line, 
due  to  the  fluctuations  of  the  sound 
decay  mentioned  above.  By  taking 
a  number  of  readings,  changing  the 


position  of  the  microphone  between 
each  series,  these  deviations  will  be 
largely  eliminated,  and  the  average 
values  obtained  will  fall  approxi¬ 
mately  along  a  straight  line.  Closer 
api)roximation  may  be  obtained  by 
increasing  the  number  of  microphone 
positions  or  by  using  a  warbled  in¬ 
stead  of  a  steady  frequency. 

The  accompanying  curves  show 
the  results  of  measurements  taken 
in  a  large  church  which  had  been 
acoustically  treated.  Each  curve 
represents  each  of  three  widely  sep¬ 
arated  positions  of  the  microphone, 
and  each  point  is  the  average  of 
three  secondary  positions.  The 
curves  are  fitted  to  the  points  by  a 
statistical  method.  The  figures 
along  the  vertical  axis  are  the  set¬ 
tings  of  the  attenuator,  and  the  hor¬ 
izontal  axis  shows  the  actual  read¬ 
ings  of  the  clock  in  seconds.  The  re¬ 
verberation  times  shown  are  ob¬ 
tained  by  extending  each  curve  to  a 
60  db  range  and  taking  the  corre¬ 
sponding  time  interval.  The  aver¬ 
age  of  the  three  values  showm  is 
2.06  seconds. 

The  equipment  as  described  is  ad¬ 
mittedly  not  intended  for  laboratory 
precision.  It  is  believed,  however, 
that  portability,  simplicity  of  design, 
and  ease  of  operation  have  been 
achieved,  together  with  quite  suffi¬ 
cient  accuracy  and  reliability  of  re¬ 
sults  to  meet  the  requirements  of 
field  conditions. 


Logarithmic  Recorder 

(('oiitiniifil  from  page  27) 


In  Fig.  1  the  tubes  indicated  are 
6C6’s  and  6D6’s.  For  all-around 
use  these  are  the  best  choice  since 
they  are  suitable  for  either  a-c  or 
battery  operation.  If  a-c  only  is 
contemplated,  57’s  and  58’s  will  be 
e(iually  as  good  (and  are  in  fact 
shown  in  Fig.  2).  Metal  tubes — 
6K7’s  and  6J7’s — would  probably 
also  be  satisfactory.  For  battery 
operation  alone  the  low-current  se¬ 
ries  of  metal-glass  equivalents  should 
be  satisfactory,  and  would  offer  a 
saving  in  filament  power.  Finally, 
if  a  very  small-size  amplifier  were 
desired  it  might  be  interesting  to 
try  955’s  and  956’s. 

The  wide  range  of  applications  for 
which  this  amplifier  is  suited  is  suf¬ 
ficiently  evident  as  to  require  no 


cataloging.  One  feature,  however, 
deserves  some  additional  emphasis — 
namely  the  adaptability  to  particular 
situations.  In  this  respect  the  lin¬ 
ear-logarithmic,  one-stage,  two- 
stage,  and  a-c  or  battery  change- 
overs  are  obvious  advantages.  Not 
so  obvious,  but  equally  important 
are  the  possibilities  of  the  adjustable 
response  characteristics  by  means  of 
the  potentiometers  P,  to  P*.  This 
is  of  great  advantage  in  that  it 
allows  the  response  of  the  amplifier 
to  be  adjusted  so  as  to  compensate 
for  any  deficiency  in  the  response  of 
the  measuring  equipment  with  which 
it  is  used.  A  good  example  of  this 
occurs  when  the  amplifier  is  used 
with  a  standard  field  intensity  meter. 
A  measuring  instrument  of  this  type 


almost  invariably  uses  a  diode  de¬ 
tector.  Such  a  device  is  linear  over 
most  of  its  range,  but  at  the  very 
lower  end  it  becomes  almost  para¬ 
bolic.  In  making  logarithmic  re¬ 
cordings  this  would  ordinarily  be  a 
.serious  defect,  since  errors  in  this 
range  are  greatly  increased  when 
logarithmic  amplification  is  used. 
However,  w'hen  the  amplifier  showm 
here  is  used,  the  characteristic  can 
easily  be  adjusted  so  that  this  curv¬ 
ature  at  low-scale  readings  is  very 
well  compensated  and  output  read¬ 
ings  of  good  accuracy  obtained  over 
a  wide  range.  Thus,  where  the  out¬ 
put  of  the  field  intensity  meter  itself 
has  good  accuracy  over  only  about 
20  db,  the  combined  response  of  the 
field  intensity  meter  and  amplifier 
when  used  together  is  very  good  over 
40  db,  and  useful  to  nearly  50  db. 
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TUBES  AT  WORK 


in  turn  and  gives  two  more  signals. 

Immediately  afterwards,  cell  No  2, 
which  is  higher  than  the  others,  glides 
into  the  beam  of  a  lamp  placed  higher 
than  the  other  two.  This  causes  the 
center  indicator  lamp  to  light  on  the 
control  desk  and  shows  that  the  bridge 
is  correctly  aligned  for  the  bolts  and 
wedges  to  be  “shot.”  Should  the  span 
overshoot  a  little,  cell  No.  3  is  brought 
opposite  the  last  lamp  and  an  indica¬ 
tor  informs  the  operator.  The  photo 
cells  also  cause  the  driving  motors  to 
be  de-energized  but  “inching”  buttons 
are  brought  into  circuit.  These  are 
required  as  the  span  may  not  come 
to  rest  in  quite  the  correct  position 
owing  to  wind  pressure,  etc.  They  are 
at  all  times  kept  out  of  operation  until 
the  cells  indicate  that  their  use  is  re¬ 
quired. 

The  moving  span  of  this  bridge 
weighs  1,600  tons  and  is  the  largest 
mechanism  at  present  controlled  by 
photo  cells  in  the  British  Isles. 


pHOTOTUBES  for  bridge-control,  street-lighting  control, 
*  and  game-preserve  control  are  among  the  applications 
reported  this  month.  Also  included  are  low-frequency 
carrier  control,  ignitron  welding,  and  the  uses  of  concentric 
lines 


Phototubes  Control 
Swing  Bridge 
By  John  H.  Jupe 

FOR  THE  FIRST  TIME  in  the  history  of 
British  engineering,  phototubes  have 
been  used  in  connection  with  a  major 
undertaking  in  the  new  road  bridge 
which  was  recently  opened  at  Kincar- 
dine-on-Forth,  Scotland. 

This  bridge  was  built  to  carry  road 
traffic  over  the  Forth  but  at  the  same 
time  had  to  be  partially  movable  so 
that  shipping  could  pass  freely.  The 
problem  was  solved  by  making  the 
central  span  a  double  cantilever  rotat¬ 
ing  on  a  pivot.  On  the  operator’s  desk 
in  the  control  cabin  is  a  hand  wheel 
which  controls  pilot  motors.  They  in 
turn  move  the  main  rheostats  in  con¬ 
nection  with  the  two  fifty-horsepower, 
d-c  motors  which  move  the  span 


through  a  rack  and  pinion  turning 
gear.  Among  other  thingrs,  the  control 
desk  has  indicator  lamps,  a  dial  to 
show  the  position  of  the  span  and  but¬ 
tons  for  “inching”  the  bridg:e.  When 
the  bridge  is  closed  two  bolts  and  four 
wedges  are  “shot”  and  it  was  to  ar¬ 
range  for  this  that  photo  cells  were 
used. 

Below  the  level  of  the  road  and  on 
one  of  the  fixed  abutments  there  is  a 
projector  cabinet  containing  three 
lamps  and  a  similar  cabinet  containing 
three  caesium  cells  on  one  end  of  the 
moving  span.  The  operation  of  the 
cell  control  is  as  follows.  The  span 
is  closing  'and  approaching  the  end  of 
its  travel,  cell  No.  1  receives  light  from 
the  outer  lamp  of  the  set,  causing  a 
bell  to  ring  in  the  control  cabin,  and 
lighting  one  of  three  indicator  lamps 
on  the  control  desk.  Moving  on,  the 
same  cell  passes  the  other  two  lamps 


Police  Plan  Radio 
Telegraph  Net 

AT  A  RECENT  CONVENTION  of  the  Asso¬ 
ciated  Police  Communications  Officers 
held  at  Davenport,  Iowa,  a  national 
intercity  radio  telegraph  system  was 
proposed  as  a  further  aid  in  police 
radio  crime  prevention.  The  project 
calls  for  400  stations,  formed  about 
a  nucleus  of  the  seven  cities  now  hav¬ 
ing  stations  in  operation  and  forty- 
four  more  intending  to  join  the  system. 
In  addition  stations  in  the  interzone 
regions  between  cities,  to  be  supported 
by  each  state,  are  suggested.  The 
radio  telegraph  net  is  expected  to  sup¬ 
plement  the  individual  radio  telephone 
stations  now  operating  within  each 
city,  and  may  use  the  same  personnel, 
which  must  be  trained  to  operate  by 
telegraph  code  as  well  as  by  voice.  No 
announcement  was  made  of  plans  for 
obtaining  the  necessary  operating  fre¬ 
quencies,  but  it  is  expected  that  these 
will  not  be  too  numerous. 


WORLD’S  LARGEST  X-RAY  TUBE 


Lf»H  Angeles  Collects  Data 
on  Phototube  Control 
(»f  Street  Lighting 

ACCORDING  TO  A  RECENT  announcement 
in  Electrical  World,  the  city  of  Los 
Angeles  has  been  experimenting  with 
photoelectric  control  of  its  street  light¬ 
ing  system.  In  particular  the  orna¬ 
mental  street  lights  in  the  Hollywood 
area,  which  are  controlled  by  carrier 
current,  were  fitted  with  a  conven¬ 
tional  photoelectric  control  device,  set 
to  operate  at  the  lowest  light  intensity 
consistent  with  stable  operation.  Whei' 
the  daylight  fades  the  controller  trips, 
operating  a  buzzer  and  an  indicating 


Said  to  be  the  worltts  largest,  this  ten-ton  thirty-foot  tube  of  St.  Bartholo¬ 
mew’s  Hospital,  London,  is  built  within  walls  of  bariunseoncrete  for 
protection  against  stray  rays.  The  patient  under  treatment  converses  by 
means  of  the  microphone  with  the  doctors  who  observe  him  through  a 

mirror  system 
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A  Dual  Ai^liievement 
aith^d  by 
RahplUe  Molded 


AV»i«’  lar/ie-sizp  Pilot  Radio  with  cabinet 
of  duo-tone  brown  Bakelite  Molded. 

TIIK  selection  of  Bakelite  Molded 
to  form  the  new  Pilot  Radio 
cabinet  has  proved  highly  advan¬ 
tageous  in  two  important  respects. 
The  material  not  only  contrib¬ 
utes  faithful  reproduction  of  the 
ilesigner’s  distinctive  style  concep¬ 
tions,  hut  also,  furnishes  practical 
ease  and  economy  in  producing  one 
of  the  largest  cabinets  ever  molded. 

Although  measuring  1854"  x  1354" 
X  1096",and  requiring  a  difficult  duo- 
tone  color,  the  Pilot  cabinet  is  com¬ 
pletely  formed  and  finished  in  one 
press  operation.  Each  cabinet  leaves 
the  mold  w'ith  lustrous  surfaces  and 
self-contained  color  that  preclude 
further  polishing  or  finish  coating. 
Through-holes  are  formed  and  metal 
inserts  accurately  positioned  in  the 
same  operation. 

Available  in  black  and  handsome 
mottled  colors,  and  in  numerous 
types  to  meet  special  molding  tasks, 
Bakelite  Molded  offers  attractive 
opportunities  for  economical  pro¬ 
duction  of  original  designs  and  new 
style  treatments.  Radio  designers 
are  invited  to  write  for  informative 
booklet  13 -M,  "Bakelite  Molded", 
w  hich  gives  data  on  the  various  types 
and  functions  of  Bakelite  Molded. 


\l.cft)  i:{''i"x  iO'V"  Hakelitr  Molded 

cabinet  molded  for  Pilot  Raditt 

tion  bv  .  tssociated  Attleboro  Mftrs..  Inc. 


bakelite  corporation,  2  4  7  PARK  AVENUE,  NEW  YORK,  N.  Y. 

bakelite  corporation  of  CANADA.  LIMITED.  IA3  Dufferin  Street.  Toronto.  Ontario.  Canada 
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ASTATIC 
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;  lamp.  The  buzzer  gives  warning  to  the 
'  station  operator  to  start  the  carrier 
current  generator,  which  is  subse- 
j  quently  connected  to  the  power  line, 
actuating  the  carrier  current  relays 
I  in  the  field  and  switching  on  the  lights. 
The  operator  then  opens  the  switch  on 
the  photo-electric  control  circuit,  which 
is  subsequently  closed  some  time  the 
next  day. 

It  is  found  that  the  annual  hours  of 
operation  of  the  lighting  system  are 


PHOTOTUBE  GUARDS 
GAME  IN  GERMAN 
PRESERVE 


THE  LAST  WORD  IN  LATERAL  REPRODUCTION 


Embodying  all  the  performance  features  of  the  Professional  Model 
B-16,  TRU-TAN  Model  B-10  is  designed  for  standard  recordings  of  12 
inches  or  less.  Finished  in  telephone  black  with  chromium  trimmings. 
List  Price  $17.50. 


:  not  greatly  increa.sed  or  decreased  by 
the  use  of  the  photo-electric  control,  al- 
!  though  departures  from  the  rigid 
'  schedule  formerly  used  are  made  to 
accommodate  changes  in  light  inten¬ 
sity.  The  accompanying  diagram  illus¬ 
trates  the  variations  in  time,  in  rela¬ 
tion  to  sunset,  introduced  by  the 
j  photo-electric  control.  It  was  found  that 
the  operating  life  of  the  tubes  in  the 
controllers  is  at  least  two  years. 


The  TRU-TAN  Model  B-16  Pickup  introduces  to  the  professional  field 
the  new  exclusive  Astatic  Offset  Head  Design  which — by  holding  the 
needle  practically  true  to  tangent  throughout  the  playing  surface  of 
the  record — brings  to  the  playing  of  transcriptions  a  finer  life-like 
reproduction  and  longer  record  service.  The  Tru-Tan  Pickup  is  abso¬ 
lutely  free  from  arm  resonance;  is  strongest  in  the  bass,  where 
normally  records  are  weakest;  provides  fool-proof  cue-ing  in;  and 
the  reversible  action  of  the  offset  head  permits  needle  loading  from 
top. 

MODEL  B-16 

For  professional  use  on  franserlpflons  all  sixes 

Utilises  plug-in  type  cartridge.  Laboratory  tested,  me¬ 
chanically  and  electrically.  Engineered  with  double  row 
ball  bearing  in  base  swivel.  Beautifully  finished  in 
modernistic  black  and  chrome.  List  Price  $27.50. 


CHART  SHOWING  TRACK¬ 
ING  ERROR  COMPARISON 
OF  TRU-TAN  AND  OR¬ 
DINARY  STRAIGHT  ARM 
PICKUPS 


Every  engineer  will  instantly 
recognise  the  omosing  im¬ 
provement  that  the  TRU-TAN 
OFFSET  HEAD  has  brought 
to  pickup  performance. 


MODEL  B-10 


standard  for  12-inch 
Recordings  or  smaller 


A  photo-relay  in  this  gate,  actuated 
by  escaping  deer  or  other  game, 
turns  on  a  blinding  light  and  a 
horn  which  scares  the  animals  back 
into  the  preserve,  but  allows  auto 
traffic  free  access  to  the  park 
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Licensed  Under 
Brush 

Developnent 
Co.  Patents 
Astatic  Pend. 
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ASTATIC  MICROPHONE  LABORATORY.Inc.YOUNCSTOWN.O. 

TfC7ial  Wumi^actaicU  ck  -^acLCitx^  CAiidtaX  ip/ict^ucti 


TYPE  MW  INSULATED 
POWER  WIRE  WOUNDS 


TYPE  BT  INSULATED 
METALLIZED  RESISTORS 


TYPE  BW  LOW  RANGE 
INSULATED  WIRE  WOUNDS 


Inilidlive  -  Resourcefulness  -  Cooperation 
k  to  advance  the  interests  A 
ol  the  industry 


INTERNATIONAL  RESISTANCE  COMPANY 

401  NORTH  BROAD  STREET.  PHILADELPHIA.  PA. 


MAKERS  OF  RESISTANCE  UNITS  OF  MORE  TYPES,  IN  MORE  SHAPES,  FOR 
MORE  APPLICATIONS  THAN  ANY  OTHER  MANUFACTURER  IN  THE  WORLD 


MOST  COMPLETE  LINE 


INSULATED  RESISTORS 


Why  moke  new  engineering  designs  with  obso> 
lete  parts?  .  .  .  Today#  IRC  Unit-molded- 
INSULATED  RESISTORS  hcnre  proved  their 
superiority  in  every  essential  characteristic  . . 

IRC  INSULATED  RESISTORS  simplify  pro^ 
duciion  problems  .  .  .  ^ 

"  ’  dr  ) 

IRC  INSULATED  RESISTORS  pave  the  way<$ 

for  a  distinctly  new  line  of  engineering  Siought 
in  modem  radio#  electrical  and  electronic  design. 


■f-'  An  •xolusiT*  IBC  method  wh«r«bY  a 
phcQoU^  buttlating^eoakpound  is  molded 
orotund  resiekme*  element  «o  that 
eUtlBint  and  Insulodon  boeome  an  inle- 
groL  completely  . sealed 
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cJO'is.j' 

•  72  SPRING  STREET  •  NEW  YORK,  N  Y 


Applications  of  Concentric 
Transmission  Lines 

By  VICTOR  J.  ANDREW,  PH.  D. 

Concentric  transmission  lines  have 
recently  come  into  widespread  use  for 
carrying  radio  frequency  energy  over 
any  considerable  distances,  both  in 
transmission  and  in  reception.  The 
greatest  advantage  obtained  with  such 
line  is  simplicity  and  economy  of  in¬ 
stallation,  and  in  many  cases  the  pos¬ 
sibility  of  running  a  line  where  an  open 
wire  circuit  would  be  impossible.  In 
other  instances  the  practically  perfect 
shielding  of  such  a  line  is  of  paramount 
importance. 

Transmitting  Installations 

Most  of  the  large  broadcast  stations 
are  using  antennas  in  open  fields,  with 
the  transmitter  building  located  from 
100  to  600  feet  from  the  base  of  the 
antenna.  A  small  tuning  house  is  lo¬ 
cated  at  the  base  of  the  antenna,  and  a 
transmission  line  brings  power  from  the 
transmitter.  When  a  concentric  line  is 
used,  it  may  be  supported  on  short 
posts  but  more  frequently  it  is  buried 
underground.  When  buried,  it  is  out 
of  the  way  and  is  safe  from  damage. 

[Continued  on  i>age  43] 


JEWEL  BOX'  REMOTE  AMPLIFIER 


MODEL  2A — The  ideel  remote  am¬ 
plifier.  This  UTC  unit  incorporates  a 
three  position  miser  with  a  I03DB 
gain  amplifier  having  uniform  re¬ 
sponse  from  30  to  14000  cycles.  The 
power  output  is  plus  7DB  with  noise 
level,  weighted,  60DB  below  output. 
A  single  meter  is  used  for  checking 
individual  plate  currents  and  volume 
indication.  Complete  unit  with  AC 
power  supply  measures  only  12x16x9 
and  weighs  27  lbs.  MODEL  2A  am¬ 
plifier  with  AC  power  supply,  labora¬ 
tory  wired  and  calibrated,  net 
price  to  broadcasting 
stations  .  5lOU 


UTC  COMMUNICATION  EQUALIZER 


MODEL  3A — ^The  UTC  universal  equalizer  will  correct 
frequency  discrimination  of  telephone  lines,  recording 
systems,  microphones,  pickups,  cutters,  and  all  other 
broadcasting  equipment.  It  is  accurately  calibrated 
and  quickly  adjustable  for  independent  high  and  low 
frequency  equalization.  Low  frequency  controls  permit 
maximum  equalization  at  2S,  50,  or  100  cycles  with 
zero  to  25DB  control.  The  high  frequency  controls 
permit  maximum  equalization  at  4000,  6000,  8000,  or 
10,000  cycles  with  zero  to  2SDB  control.  Net  price 
to  broadcast  stations  and  recording  studios  $85 


RUSSIAN 


TALKING 


PAPER 


LINEAR  STANDARD  TRANSFORMERS 


These  audio  units  are  guaranteed  to  be  +IDB  from  30  to 
20,000  cycles.  The  use  of  a  true  hum  balancing  coil  struc¬ 
ture  and  fri-altoy  magnetic  shielding  in  low  level  units  makes 
possible  the  lowest  hum  pickup  units  ever  developed.  Though 
a  complete  line  of  stock  units  are  manufactured  for  every 
requirement  up  to  1000  watts,  a  large  proportion  of  UTC 
Linear  Standard  units  are  designed  and  constructed  to  cus¬ 
tomers  specifications. 


UTC  ULTRA  COMPACT  COMPONENTS 


are  the  smallest  wide  range  audio  units  in  their 
class.  The  frequency  response  is  ±2  DB  from 
30  cycles  to  20,000  cycles;  weight  approximately 
S'/}  oz.  These  units  employ  a  full  hum  balancing 
coil  structure  to  effect  minimum  hum  pickup. 
List  prices  vary  from  $10  down. 


ITrile  to  our  Engineering  Department  for 
data  on  atl  types  of  Communication  Equip¬ 
ment  and  Components. 


Paper  reproduction  of  film  sound¬ 
tracks  are  nou>  printed  by  litho¬ 
graphic  and  typographic  means,  as 
many  as  10,000  copies  being  made 
from  one  original.  Above  is  a 
phototube  pickup  for  use  with  the 
paper  copy,  invented  by  the  Soviet 
Engineer,  B.  P.  Skvorsov 
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1937  MEASUREMENTS 


IlfiUr  Manganin  winding  of 
0.1  ohm  docad* 


YOU  are  not  making  your  1937  equipment  from  1927  designs;  neither  should  yon  be 
making  measurements  nith  obsolete  apparatus  and  accessories.  Modem  laboratory 
technique  demands  increasingly  accurate  resistance  measurements;  measurements  which 
cannot  be  made  with  instruments  10  years  behind  the  times. 


General  Radio  Type  602  Decade-Resistance  Boxes  are  thoroughly  modem;  they  are 
equipped  with  the  latest  electrical  and  mechanical  improvements  guaranteeing  accuracy 
of  the  highest  order. 


FEATURES 

•  PERMANENT  CALIBRATION 

•  THOROUGH  AGING 


Aryton-Porry  windings  of  fha 
I-,  I0-,  and  100-ohm  dscadas. 
Tha  1,000-  and  10.000-ohm  dac- 
ados  ara  unifllar  windings  on 
mica  cards. 


ACCURATELY  ADJUSTED  RESISTANCE  VALUES 
LOW  TEMPERATURE  COEFFICIENT 


Quadruplo-laaf,  phosphor- 
bronxo  switchos.  Contact  sur- 
facas  of  laavas  ara  ground  flat 
to  act  as  four  indapandant 
brushas.  Contact  rasistanca 
only  0.002  ohm. 


•  LOW  INDUCTANCE  AND  CAPACITANCE  WINDINGS 

•  NO  APPRECIABLE  FREQUENCY  ERROR  BELOW  50  KC 

•  LOW  AND  CONSTANT  CONTACT  RESISTANCE 

•  PROTECTED  WINDINGS  AND  SWITCHES 

•  POSITIVE  DETENT  MECHANISMS 

•  SHIELDED  CABINETS— NO  BODY  CAPACITY  EFFECTS 

•  NINE  SIZES  BETWEEN  0.1  TO  III  OHMS  AND  1  TO  111.110 
OHMS 


'ontact  studs  H  Inch  In  di- 
amatar,  ground  flat.  Cam-tvpa 
positive  d  a  t  a  n  t  mechanism. 
Entire  unit  shlaldad  bahind 
panal. 


Prires  on  the  Type  602  Deeade-Resiittance  Boxes  range  between  $23.00  and  $70.00. 
These  boxes  are  too  necessary  for  you  to  afford  to  be  without.  Why  not  modernize  the 
resistance  measurements  section  of  your  laboratory  ? 

Write  for  Bulletin  IIS-E  for  complete  information 

GENERAL  RADIO  COMPANY 

30  State  Street  Cambridge,  Massachusetts 

New  York  Los  Angelos  -  Scm  Francisco 
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A 


RADIO 


DIVISION^ 


Battery  Place  New  York,  N.  Y 

Plant  at'  Allenloicn^  Pa. 

Branch  Offices  in  Principal  Cities 


VERTICAL  RADIATORS 


Lehigh  offers  you  many  years  of  experience  in 
field  of  designing,  fabricating,  galvanizing 
erecting  steel  in  order  to  obtain  the  m1ast  efm 
and  economical  radiator  to  meet  your  requiig^ 


Station  Location  HeishtH  i.j 

WMEX  Gi«l*«a,  MMsacltut«tts  ....  150  (oot  A 
WJIM  Lanainf,  Mkhisan  . . . , . .  177  loot  g 

KADA  -Ada,  Oklahoma  .  1W  foot  ’ 

WHOM  Hobokon,  Now  Janoy  ....  170  foot 
KWBG  HutchinaON,  lUiMaa  .  150  foot 

KVSO  Ardmora,  Oklahoma .  180  foot 

WMFR  Hijh  Point,  North  Carolina  180  foot 
WGBI  Scranton,  Panntyivaiiia  . . .  S64  foot  .  J 
WRAW  Raa^na,  Pannaylvania  ....  175  fooCiJ 

WKAQ  Puerto  Rico.. .  SdSfoo^ 

KPON  Pamp^  Taxaa . 170focin||l 

WJNO  Waat  Palm  Baach,  Florida  .  I80fo^ 
Nin'EL  Philadalphia,  Pannaylvania  177  fooSd 
WCNW  Naw  York,  Naw  York  S29  foS 
WNLC  Naw  Lonoon,  Connacticut .  191  fod^l 

KGFF  Shawnaa,  ^laltonta .  277  foo^ff 

KAt^  Wichita,  Karmaa .  180  foo^9 

WJZ  Boand  ttook,  Naw  Jataay  640  fodBa 
WAPO  ChattMiooaa,  Tannaaaaa  .  .  .  203  foc^| 

WGNY  Oaitar,  York  .  204  fool « 

WHP  Harritbarfl,  PaiMMylvania  .  325  fool  9 

.  BraiH,  South  Arnica  ....  204  foot  * 

KTEM  Tem(4a,  Taxaa  .  170  foot  ^ 

WSAN  Allantoani.PaiMMylyania ...  170  foot 
WAZL  Haiiaton,  Paamayiyania  ...  140  loo* 
KFYO  Lubbock, TaKa*...  ,^;.  140 foot 
KFJB  hdanhalitown,  lowa<iu  - . .  ■  t1 5  loot  ^ 
KGFG  Oklahoma  City,  OkUioaM  204  foot  ^ 
NTBLK  Cladeabura,  Waat  VirsMa  .  239  fool  . 
I^lco  R.ST.  of  rMladaipIria,  Ponoa.  1 10  footT 
C.M.O.-C.O.C.Q.  Havana.  Cuba  twRyifcot  . 
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ELECTRONICS  DIVISION 


CLIFTON 


NEW  JERSEY 


The  one  danger  in  a  buried  line  is  that 
water  will  leak  into  it.  To  guard  against 
this,  all  joints  in  the  line  are  carefully 
sealed.  As  a  further  precaution,  the 
line  is  usually  filled  with  dry  nitrogen 
gas  at  a  pressure  of  two  or  three 
pounds.  Any  leak  which  occurs  in  the 
line  will  then  show  on  a  pressure  gauge 
attached  to  the  line.  While  gas  filling 
is  considered  a  desirable  precaution 
where  dependability  is  of  prime 
importance,  hundreds  of  unsealed  in¬ 
stallations  have  given  no  trouble. 

Because  of  the  ductility  of  copper,  no 
allowance  is  necessary  for  expansion 
and  contraction. 

The  power  flowing  through  a  proper-  ; 
ly  terminated  line  is  the  product  of  the  i 
surge  impedance  times  the  square  of  j 
the  current.  Since  the  surge  impedance 
is  accurately  known  in  a  concentric  line, 
this  is  a  very  convenient  measure  of 
power. 

Many  small  broadcast  stations  use 
radiators  on  the  roofs  of  buildings. 
Heretofore,  the  transmitter  has  usually 
been  located  near  the  roof,  and  the  an¬ 
tenna  has  been  connected  directly  to  it. 
With  the  recent  improvement  in  design 
of  ground  systems  used  on  roofs,  it  has 
become  apparent  that  no  radio  fre¬ 
quency  fields  from  leadins  should  be 
permitted  below  the  roof  level.  Two 
wire  transmission  lines  going  out  of 
windows  and  up  the  outside  of  buildings 
are  difficult  to  install,  unsightly,  and 
inefficient  due  to  poor  dielectrics  in 


Your  guarantee 

of  High  Standards 

TRANSFORMERS  AND  REACTORS  for 

DIATHERMY  APPARATUS  RADIO  EQUIPMENT 

RECTIFIERS  TEST  INSTRUMENTS 

PLATE  SUPPLY  CATHODE  RAY  DEVICES 

FILAMENT  SUPPLY  INDUSTRIAL  CONTROLS 

FILTERS  GENERAL  PURPOSES 

Manufactured  to  your  exact  specifications  or  de¬ 
signed  by  our  engineers  to  meet  your  requirements 

ALSO  MANUFACTURERS  of 

SPECIAL  R.  F.  TRANSFORMERS,  INDUCTORS 
AND  CHOKES 
SWITCHES 

^  TUBE  SOCKETS 

H  PRECISION  DIALS  AND  DRIVES  jfff 

Jr  FLEXIBLE  INSULATED  COUPLINGS  jjif 

^  RELAY  RACKS.  PaNELS  AND  ACCESSORIES 

METAL  CABINETS 
AVIATION  RADIO  PARTS 
CUSTOM  BUILT  APPARATUS 

For  further  information,  WRITE 


Traii>iiii>sioii  line  terminulion  ronnertin^ 
to  iinleiitiu  ill  an  elevated  s^iluation 


their  field.  Concentric  line  has  proven 
particularly  convenient  for  this  type  of 
installations.  In  one  1000  watt  broad¬ 
cast  station,  a  line  is  carried  27  stories 
up  an  elevator  shaft. 

directional  broadcast  antenna  sys¬ 
tem  resembles  two  or  more  of  the  an¬ 
tennas  just  described,  with  the  addi¬ 
tional  requirement  that  the  amplitude 
ratio  and  phase  of  the  current  in  the 
two  antennas  must  be  adjusted  to  pre¬ 
scribed  values.  To  obtain  the  proper 
phase  relation,  correct  allowance  must 
be  made  for  the  difference  in  length 
of  the  lines.  This  is  easily  done,  since 
the  measurement  of  velocity  of  propa¬ 
gation  is  quite  simple. 

[Continued  on  page  44] 
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^AMATEUR  CLASS  B  TUBE 

f/jpw  distantian^  "Bias 


Concentric 
line  to 
receiver 


antenna 

elipole 

elements 


SPEER 

GRAPHITE 

ANODE 


Concentric  line  tuning  system 


Another  unusual  antenna  system  is  a 
single  radiator  serving  more  than  one 
transmitter.  One  such  installation  was 
described  in  October  1935  Electronics. 
Because  of  the  great  heights  now  de¬ 
manded  for  antennas  this  double  use  of 
a  radiator  should  find  many  applica¬ 
tions.  For  instance,  a  quarter  wave 
broadcast  station  radiator  would  make 
a  fine  radiator  for  a  low  frequency 
police  transmitter,  or  a  support  for  an 
ultra  high  frequency  radiator.  The  serv¬ 
ice  of  the  broadcast  station  would  be  in 
no  way  impaired. 

There  are  occasional  instances  where 


»KuFaciurer  s 
c  the  equal  of 
other  anodes. 

|^es  with  Graphite 
this  important  ele- 
vlife,  improves  the 
pres  the  Uniformity 
;e  tubes  with  Speer 
for  better  service 


This  coiipf 
^features  of 
larqer;cos]| 


MAGNETIC  RECORDINGS 
FOR  SHORTWAVES 


List  of  tubes  with  Speer  Graphite 
Anodes  and  booklet  on  request.  Write! 


A  large  percentage  of  the  pro- 
grama  sent  over  the  British  short¬ 
wave  system  are  magnetic  record¬ 
ings  made  from  previous  broad¬ 
casts.  Above  is  one  of  the  Blatt- 
nerfone  units  used  by  the  BBC 


SPEER  CARBON  COMPANY 

ST.  MARYS,  PA.  :  r  ^  ; 
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'^HOOVER”  was  able  to  get  BOTH- 
A  Parker-Kalon  Assembly  Engineer  proved  It  could  be  donel 


P<fl|4'^Kjlon  Hardened  Self-tapping  Serewt  are  nted  to  hold  molded  plaMir  handle  locator 
to  JStolded  aiectriral  receptacle  in  handle  inhe;  to  hold  molded  plastic  bearing  head  to 
moM^  plastic  motor  case  body;  to  hold  metal  light  reflector  to  molded  motor  case;  to  hold 
bfeiiiMlator  in  electrical  ping;  to  hold  metal  Tentilating  dnct  rover  in  molded  motor  hood. 


INSISTENCE  on  quality  is  clearly  evitlent  in  the 
new  “HOOVER”.  One  look  at  this  modern  cleaner 
anti  you  know  that  the  engineers  in  The  Hoover 
Company  meant  what  they  tohl  a  Parker-Kalon 
Assemhiy  Engineer  .  .  .  “we  want  the  hest  possible 
assemhiy  joh;  fastening  economy  comes  second 
here**.  The  live  iitiportant  assemhlies  sltown  are 
being  made  with  Parker-Kalon  Hartlenetl  Self-tap¬ 
ping  Screws  only  because  it  was  possible  to  prove 
conclusively  that  tliey  would  make  stronpvr  fasten¬ 
ings.  as  well  as  retluce  time,  work  an»l  costs. 

Famous  for  the  economies  they  effect  in  makitig 
fastenings  to  metal  and  plastics,  Parker-Kalon  Hard- 
enetl  Self-tapping  Screws  are  often  overlooked  when 
the  prime  consideration  is  security,  ^et  it  is  a  fact 
.  .  .  proved  by  scores  of  concerns  like  HOOVER  and 
by  unbiased  laboratories  .  .  .  that  f/ie.se  unique 
Scretvs  hold  more  securely  than  machine  scretes,  holts 
and  nuts,  and  similar  ordinary  fasteners.  They  do 
a  better  joh  ...  in  addition  to  saving  time,  labor 
and  money  by  simplifying  fastening  jobs. 

Ute  this  specialised  knowledge 
to  iietermine  what  yon  can  gain 

Right  now  your  assemhiy  work  probably  holds  worth¬ 
while  opportunities  for  using  Self-tapping  Screws 
to  make  better,  stronger  fastenings  at  low'cr  cost. 
It  will  pay  you  to  hunt  them  out.  And  it  is  easy  to 
do  ...  if  you  use  the  specialized  knowledge  of  Parker- 
Kalon  Assemhlv  Engineers. 


PARKER'KALON 


Your  invitation  will  bring  one  of  these  Engineers  to 
go  over  your  fastening  jobs  with  you.  He  will  offer 
no  “cure-air*.  A  background  of  practical  assembly 
work  fits  him  to  render  intelligent  aid.  And  his 
specialized  knowledge  enables  him  to  recognize  the 
many  different  tvpes  of  assemhlies  which  Hardened 
Self-tapping  Screws  WILL  make  better  and  cheaper. 
Because  in  7  out  of  10  eases  he  has  helped  production 
and  design  men  to  obtain  desirable  benefits,  there  is 
an  excellent  chance  that  he  can  help  you,  too. 

PARKER-KALON  CORPORATION 
198  \  ariek  Street  New  York.  N.  Y. 


FASTENING  DEVICES 


HARDENED  SELF-TAPPING  SCREW  FOR  EVERY  KINDI  OF  ASSEMBLY 


SOLD  ONLY  THROUGH  RECOGNIZED  DISTRIBUTORS 
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'What  we  wont  more  than  fastening  economy 

is  the  BEST  POSSIBLE  ASSEMBLY  JOB" 


QUALITY  TRANSFORMERS  SINCE  1901 


QUALITY  TRANSFORMERS  SINCE  iqOI 


it  is  desirable  to  locate  a  radiator  sev¬ 
eral  thousand  feet  from  the  transmitter. 
One  broadcast  station  is  now  planning 
a  4200  foot  concentric  transmission  line 
to  a  vertical  radiator. 

In  ultra  high  frequency  work  concen¬ 
tric  lines  have  still  greater  advantage 
over  balanced  lines.  The  latter  are  diffi¬ 
cult  to  balance  at  these  frequencies,  and 
even  when  balanced  the  separation  is  a 
large  enough  portion  of  a  wavelength 
to  permit  appreciable  radiation.  The 
half  wave  vertical  radiator  usually  used 
at  these  frequencies  can  be  coupled  to 
a  concentric  line  by  various  means  dis¬ 
cussed  in  August  19353  Electronics. 

On  police  cars  the  ultra  high  fre¬ 
quency  antenna  is  mounted  vertically  at 
the  rear  of  the  car.  By  using  concentric 
line  the  transmitter  may  be  located  in 
any  convenient  part  of  the  car.  With 
a  line  as  short  as  is  used  in  a  car,  it  is 
not  necessary  to  match  impedance  at 
the  antenna  end.  When  not  matched, 
the  line  transmits  reactive  as  well  as 
resistive  components  of  the  load  impe¬ 
dance,  as  well  as  transforming  these 
components  to  new  values.  Antenna 
tuning  is  then  necessary  in  the  trans¬ 
mitter.  The  standing  waves  on  the  line 
increase  loss  somewhat  above  that  for 
a  properly  terminated  line,  but  this 
factor  is  negligible  on  a  short  line. 


for 

dependable 

Resnlts— 


^mooth 


Control  of 
Voltage 


To  regulate 

A.  C.  Lines 


Amplifiers 


Rectifiers 


Power 


Transmitters 


Use  AMERTRAN 
TRANSFORMERS 


Use  TRANSTAT* 
REGULATORS 


Used  for  numerous  voltage-control 
applications  because  of  its  many 
advantages  over  resistive  and  tap¬ 
changing  devices.  Features  are: 
High  efficiency,  good  regulation, 
great  flexibility.  Voltage  may  be 
changed  gradually,  and  without  In¬ 
terrupting  the  circuit,  from  zero  to 
values  higher  than  line  voltage. 
Well  suited  for  large  and  small 
voltage-control  problems.  Equip¬ 
ment  available  for  manual,  motor, 
and  automatic  control  of  voltage 
of  any  commercial  frequency  in 
single-phase  or  polyphase  circuits. 

•  Patents  1,993,007  and  2,014.570;  other  oaten’s 
pending;  Transtat  trade-mark  registered  U.  S. 
Patent  Office. 


Leading  broadcasting  stations 
throughout  the  World  select 
AmerTran  Transformers  for  all  re¬ 
quirements  because  they  are  de¬ 
pendable.  This  Is  just  as  true  of 
small  audio  components  as  of  large 
rectifier  and  modulation  equip¬ 
ment.  Every  unit  Is  conservatively 
rated  and  fully  meets  performance 
guarantees. 

AmerTran  Transformers  and  Re¬ 
actors  are  available  for  every  ap¬ 
plication  in  electronic  circuits. 
May  we  have  the  opportunity  to 
quote  you  on  equipment  for  your 
requirements? 


Low  Frequency  Carrier 
Controls  Water-Heater 
Load 


THE  PEAK  DEMAND  of  the  Idaho  Power 
Company’s  system  has  been  reduced 
by  several  hundred  kilowatts,  by  the 
use  of  carrier-current  control  which 
automatically  turns  on  and  off  the 


BHlIetin 

1002C 


Complete 

Data 


AMERICAN  TRANSFORMER 
COMPANY 


AMERICAN  TRANSFORMER 
COMPANY 

178  KMMET  ST.  NEWAKK,  X.  J. 


178  EMMET  ST. 


A  carrier-current  relay  similar  to 
those  used  in  water-hent  control 
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K  CAPACITORS  ■■ 

for  every 

ENGINEERING  REQUIREMENT 


SPECIALIZATION  .  .  .  ipecialization  in  the  manu¬ 
facture  of  quality  condensers,  exclusirely  .  .  . 
which  has  inspired  the  CORNELL-DUBILIER 
organisation  throughout  its  twenty-seyen  years 
of  achieyement  —  has  made  the  dream  of 
yesterday  the  accomplished  fact  of  today. 

Broadcasting  stations;  United  States 
Navy.  Army.  Signal  Corps,  and  other 
goveriunental  diyisions;  telephone  com¬ 
panies;  manufacturers  of  receiyers, 
transceiyers,  transceptors  and  trans¬ 
mitters;  engineers.  amateurs  and 
seryicemen  —  the  CoraellDubUier  or¬ 
ganisation  supplies  the  condenser 
needs  of  all  with  performance  plus! 

No  more  expensiye  shopping  ...  no 
more  testing  .  .  .  and  no  more  ex¬ 
perimentation.  C-D  engineers  haye  a 
design  for  eyery  requirement. 

MICA  •  DYKANOL  •  PAPER 
WET  AND  DRY  ELECTROLYTIC 


FOR  DEPENDABLE  PERFORMANCE  .  .  . 
standardize  on  C-D  CAPACITORS 
World’s  largest  exclusive  manufacturer 
of  capacitors  for  more  than  27  years. 

Complete  descriptire  literature  tree  on  request. 

CORNELL-DUBILIER  CORPORATION 

1006  Hamilton  Blvd.  So.  Plainfield,  N.  J. 
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Co^ii/rucj  Lui  IiMIIje,  .... 

THEY  MAY  SAVE  YOU  THOUSANDS  OF  DOLLARS 


The  failure  of  a  resistor  or  rheo-  because  it  never  spares  expense 
stat  sometimes  means  shut-  in  making  the  finest  electrical  resist- 
downs,  production  delays — the  ance  products  that  can  be  devised, 
needless  loss  of  time,  labor,  dollars.  Any  Hardwick,  Hindle  product 
That  is  whywe  keep  emphasizing  that  you  buy  will  safeguard,  year 
our  quality,  service  and  complete  after  year,  your  business  investment 
reliability.  Hardwick,  Hindle  has  and  maybe  your  reputation.  Please 
earned  its  outstanding  reputation  consult  us  before  you  order  again. 

Write  for  further  information . . .  and  remember 

the  mark  means  reliable  rheostats  and  resistors. 

HARDWICK,  HINDLE  •Inc. 

136  PENNINGTON  ST.— NEWARK,  N  I  ■■ 


7 

SPEER  CARBON 
COMPANY 
ST.  MARYS,  PA. 


water-heat  appliances  of  the  customers. 
Frequencies  of  480  and  720  cycles  per 
second  are  sent  out  over  the  power 
distribution  line  by  the  central  station 
operator.  This  current  energizes  re¬ 
lays  in  the  customer’s  heater,  throwing 
it  on  or  off  depending  upon  the  type 
of  carrier  impulse  received.  In  this 
manner  the  central  station  operator  is 
capable  of  releasing  a  large  part  of 
the  load  on  the  system  at  his  own  dis¬ 
cretion  according  to  the  demands  of 
other  services.  Since  one  customer  in 
every  five  heats  water  electrically,  this 
automatic  control  feature  is  of  con¬ 
siderable  importance  in  reducing  the 
overall  peak  load  of  the  system. 


Rotating  Dim*  Used  in  the 
Ignitron  Welding  Tinier 

THE  USE  OF  A  ROTATING  disc.  Containing 
pins  plugged  in  around  its  circumfer¬ 
ence  for  the  inductive  control  of  igpii- 
tron  welding  tubes  has  been  announced 
in  a  recent  development  of  the  Westing- 
house  Company,  in  Pittsburgh.  The 
disc  is  driven  synchronously  at  a  rate 
of  one  rotation  per  second  and  con¬ 
tains  120  holes,  each  corresponding 


INSULATED  RESISTORS  ■ 


Take  at  UatL  39  years  of  exparienca  in  Lha 
production  of  high-quality  carbon  products, 

1  plus  constant  research  and  development,  and 
form  the  carbon  resistance  element  so  that 
its  characteristics  are  accurately  uniform,  no 
matter  how  many  million  are  mada. 

2  Spray  matallic  copper  to  form  a  thoroughly 
bonded  cap  at  each  end  of  the  resistance 
elament— with  unfailing  uniformity.  *  r  --  bI 

3  Usa  tinnad  coppar  wiras  and  coil  tha  andi  ^ 

for  a  forca  fit  ovar  tha  coppar  caps.  -d 

^  Assamblatharasistanca  unit  and  tha  wires. 

Form  a  molded  Bakalite  insulating  shell  em-  ^ 

5  bedding  the  assembled  units  securely  beyond  \  . 
all  chance  of  separation  or  internal  movement. .  - 

Spray  bands  of  color  on  tha  shall  to  iden-  ^ 
^  tify  tha  rasistanca  in  conformity  with  tha 
R.  M.  A.  coda. 

Back  tha  product  with  facilitias  capabla  of 
y  maating  any  and  all  dalivary  raquiramants . 
and  a  pricalass  raputation  that  will  ba  main- 
tainad  ragardlass  of  what  happans. 

All  rfiM*  sp*ciflcaNon«  or*  m*#  by  Sp««r.  My  on  Spmmr 
for  Insulatod  MiMtors  and  ofhor  qualify  carbon  and 
graphifo  product*,  including  graphilm  anodot  for  radio  ^  ^ 
tubas,  motor  and  ganarator  brushas. 


Rotating-disc  ignitron  welding 


to  one-half  cycle  of  welding  current 
Steel  pins  are  plugged  into  the  holes 
according  to  the  particular  timing  de¬ 
sired.  These  pins  pass  through  a 
magnetic  circuit  as  the  disc  revolves 
and  supplies  the  control  voltagre  neces¬ 
sary  for  the  ignitron  tube.  Ignitrons 
are  used  since  no  voltage  higher  than 
line  voltage  is  required  and  the  nee<i 
of  contactors  and  transformers  is  elim¬ 
inated. 


Inductance  Forms  bg  ISOLANTITE  are 

1.  Efficient — Low  in  dielectric  losses. 

They  increase  power  output. 

2.  Economiccd — Large  or  small  quanti¬ 

ties  produced  without  expensive  tools. 

3.  Precise—Uniformly  close  tolerances. 

They  fit. 

4.  Sturdy — ^Winding  and  mounting  ac¬ 

complished  without  breakage. 

5.  Clean  Cut  —  They  improve  the  ap¬ 

pearance  of  equipment, 
e  Leading  manufacturers  of  military, 
naval  and  commercial  short  wave  radio 
equipment  use  them, 
e  Why  adapt  your  equipment  to  a  coil 
when  the  coil  should  be  designed  for 
the  equipment?  Special  forms  by 
ISOLANTITE  cost  little  more  and  will 
accomplish  the  ultimate  in  performance. 

ISOIJUUTITE 


233  Broadway.  New  York,  N.  Y. 
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THE  ELECTRON  ART 

j^ACH  month  the  world's  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tabloid  form  to  Electronics'  readers. 


Ultra  High  Frequency  Diode 
With  Movable  Anode 

A  DIODE  VACUUM  TUBE  voltmeter  for 
wavelengths  as  short  as  20  cm.  has 
been  developed  for  the  purpose  of  over¬ 
coming  the  frequency  limitations  of 
conventional  diodes,  and  is  described 
by  Manfred  von  Ardenne,  pp  117-121, 
in  the  October  1936  issue  of  Hochfre- 
quenz.  u.  Elektroacoustik. 

The  errors  generally  introduced  at 
ultra  high  frequencies  due  both  to  the 
finite  electron  transit  time  in  the  diode 
circuit  and  to  the  reactive  voltages 
developed  across  the  connections  to  the 


tube  elements  have  been  minimized  in 
this  new  low  capacity  diode.  The 
transit  time  error  is  reduced  by  mak¬ 
ing  the  distance  between  electrodes  as 
short  as  5x10'*  millimeters.  This  is 
accomplished  by  means  of  a  micrometer 
movement  and  glass  spring  mechanism, 
shown  in  the  photos,  which  controls  the 
distance  of  the  movable  cathode  from 
the  an  jde.  The  plate  to  cathode  capaci¬ 
tance  is  only  0.4  MMf.  and  the  plate  lead 
is  10  millimeters  long.  The  leads  to 
the  tube  have  a  total  self-inductance  of 
9xl0'*  henry,  which  minimizes  the  pos¬ 
sibility  of  losses  from  the  reactive 
voltage  drops  appearing  across  the 


leads.  With  this  construction  even  at 
1500  megacycles  (20  cm.)  measure¬ 
ments  made  with  the  device  are  reliable 
and  practically  free  from  error. 

The  cathode  consists  of  a  tautly 
drawn  tungsten  wire  which  draws 
about  2.2  amperes  heater  current.  A 
tiny  center  tapped  filament  voltage  di¬ 
vider  is  placed  in  the  envelope,  and  the 
connections  from  it  and  from  the  fila¬ 
ment  are  brought  out  to  three  connect¬ 
ing  caps.  The  anode  lead  extends  right 
through  the  glass  envelope  at  the  side 
opposite  to  the  glass  spring.  The 
triple-bellow  structure  also  shown  in 
the  photo  constitutes  the  flexible  mech¬ 
anism,  i.e.  the  glass  spring,  to  which 
the  pressure  is  applied  from  the  mi¬ 
crometer  for  moving  the  cathode  in  one 
or  the  other  direction  within  the  en¬ 
velope. 

In  practice  pressure  is  applied  to  the 
glass  spring  by  turning  the  micrometer 
mechanism  until  the  cathode  touches 
the  plate.  At  this  point  there  occurs 
a  sudden  reduction  in  cathode  tempera¬ 
ture  due  to  heat  conduction  away  from 
the  cathode.  Injury  to  the  cathode  is 
prevented  by  a  filament  series  resistor. 
The  microscopic  drive  is  then  backed 
up  until  the  two  electrodes  are  again 
parted.  The  reluctance  of  the  metals 
to  separation  after  contact,  limited 
the  shortest  di^stance  between  electrodes 
to  magnitudes  above  2x10"*  millimeters. 
Three  resistors  controlled  the  voltage 
ranges  of  the  laboratory  model  between 
the  limits  of  4  to  7,  to  35  and  to  140 
peak  volts,  for  frequencies  up  to  1500 
megacycles. 


•  •  • 


I.R.E.  Index 

With  the  publicatio.n,  early  in  Janu¬ 
ary,  of  its  cumulative  index  of  articles 
appearing  in  its  proceedings,  the  In¬ 
stitute  of  Radio  Engineers  has  made 
available  a  handy  and  much  needed 
reference  index  on  radio  engineering 
subjects.  This  index  includes  all  of 
the  articles  published  in  the  proceed¬ 
ings  during  the  past  twenty-five  years, 
arranged  chronologically,  by  subject 
matter,  and  by  authors.  Copies  of 
this  index  are  available  from  the  In¬ 
stitute  of  Radio  Engineers,  330  West 
42nd  Street,  New  York  City,  at  $1 
per  copy. 


•  •  • 


Diathermy  Interference  Study 

In  an  effort  to  determine  the  extent 
and  effect  of  interference  produced  by 
high  frequency  diathermy  equipment, 
the  Federal  Communications  Commis¬ 
sion  has  issued  permission  to  the  Gen¬ 
eral  Electric  Company  to  operate  high 
frequency  generators  in  the  vicinity  of 
13  megacycles.  No  call  letters  have 
been  assigned  for  this  experimental 
work. 


The  diode  for  the  high  frequency  vacuum  tube  voltmeter.  Pressure 
on  the  bellows  at  the  right  changes  the  spacing  beltveen  the  filament 
and  anode 


The  high  frequency  rectifier  in  its  mounting  and  ready  to  be  con¬ 
nected  to  its  amplifier  and  measuring  circuit 
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CONSERV|tlVi 

WALtmfmGS 


RADIO  D-F  FOR  SURVEYING 


msmjORs 


Ward  Leonard  has  never  over¬ 
rated  their  product  to  meet  a 
space  limitation  or  to  confuse  a 
price  issue.  Ratings  are  and  al¬ 
ways  have  been  true  to  actual 
laboratory  tests.  When  you  spe¬ 
cify  a  Ward  Leonard  imit  you 
are  assured  of  dependable  service. 
The  Ward  Leonard  Line  is  com¬ 
plete. 

BULLETIN  111  describes  Vitrohm 
Wire  Wound  Resistors,  giving 
sizes  and  watt  ratings. 

BULLETIN  #19  tabulates  Ward 
Leonard  Ribflex  Heavy-Duty  Re¬ 
sistors  with  continuous  and  inter¬ 
mittent  duty  tables. 

BULLETIN  #22  covers  Non-In- 
duaive,  Non-Capacitive  Plaque 
Resistors. 

BULLETIN  #25  shows  various 
types  of  standard  and  special 
Mountings  and  Enclosures. 

WARD 

LEONARD 

RELAYS-RESISTORS-RHEOSTATS 

WARD  LEONARD  ELECTRIC  CO. 

32  South  Street 
Mount  Veroon,  N.  Y. 


PleafK*  HPnd  me  hulletins  number. 


VIBRATING-REED 

FREQUENCY  METERS 


City .  State. 


This  German  radio  direction¬ 
finder,  similar  to  that  used  for 
“homing”  purposes  in  aircraft, 
makes  use  of  a  loop  antenna  and 
vertical  dipole  for  land  surveying. 
It  was  constructed  for  the  German 
Army  by  the  Telef unken  Company 
of  Berlin 


Power  Supply  System 
for  Electric  Clocks 

A  NEW  TYPE  of  source  of  accurate 
frequency  power  for  operating  a  num¬ 
ber  of  clocks  has  been  developed  by 
the  (Jeneral  Electric  Company  and  is 
described  by  M.  S.  Mead,  Jr.,  and  J.  H. 
Reed  under  the  title  “A  New  Power 
Supply  System  for  Electric  Clocks” 
in  the  December  1936  issue  of  the 
General  Electric  Review.  This  source  I 
of  power  does  not  have  extremely  high  ; 
frequency  precision,  but  the  results 
obtained  for  over  a  year  show  a  devia¬ 
tion  of  about  one  second. 

Essentially  the  power  supply  sys¬ 
tem  consists  of  a  tuning  fork  con¬ 
trolled  oscillator,  a  buffer  amplifier, 
and  an  inverter  using  two  thyratrons. 
A  tuning  fork  control  unit  was  used 
because  the  mass  and  elasticity  which 
determine  the  natural  frequency  of 
the  fork  are  constant  quantities.  They 
are  somewhat  affected  by  variations 
in  frequency,  but  this  variation  can 
be  overcome  by  operating  the  fork  at 
sensibly  constant  amplitude.  The  af¬ 
fects  of  barometric  pressure  on  the 
variation  of  the  frequency  are  not  suf¬ 
ficient  to  cause  an  error  greater  than 
about  3/10  of  a  second  per  day  under 
the  conditions  in  which  the  unit  is 
operated.  The  tuning  fork  is  made 
of  maginvar  which  has  a  very  low 


DECAUSE  it  has  no  pivots,  jew* 
-D  els  or  rotating  parts,  and  is 
independent  of  wave  form,  the 
Frahm  Frequency  Meter  offers  an 
exceedingly  simple  and  reliable 
way  to  indicate  power  frequencies 
between  15  and  400  cycles  per 
second.  Miniature,  switchboard 
and  portable  types  are  available. 

Wrif  for  druriptivo  Bullotio  I415-E. 

JAMES  G,.BIDDLE  CO. 


I  EtECTRICAt  n 
1211-13  Arch  Stkeet 


INSTRUMENTS  | 
Philaocij>mia.  Pa. 


These  Electric 

PRECISION  TIMERS 

Accurate,  split-second  tin  ing  of  tests 
in  your  laboratory  may  be  the  means 
of  saving  thousands  of  dollars  for 
your  firm  in  its  purchase  of  the 
right  materials  for  every  joh.  There 
are  several  models,  all  with  handy 
remote  control  switch,  large  dials 
mounted  in  attractive  walnut  cases. 
Will  measure  down  to  l/200th  of  a 
second. 

30 -Day  Free  Trial 

Writt  today  for  Utorotaro,  prieot,  mad  oar 
libormi  SO-Day  From  Trial  Ogar, 

THE  STANDARD  ELECTRIC  TIME  CD. 

Springfield,  Mattaehnsntts 

Branch  Offices  in  Principal  Cities 


Likewise  the  “spice”  of  cannon  Plugs — over  600  fittings  (varying  from 
V  1  to  34  poles)  for  special  purposes — thousands  of  stock  parts  always  on  hand 
.  .  .  These  make  possible  an  almost  infinite  number  of  combinations,  enabling  us 
to  supply  unusual  needs  with  unusual  speed  without  sacrificing  Quality  .  .  .  Leaders 
in  the  airplane  and  the  sound-recording  industries  standardize  on  CANNON  Cable 
Connectors  for  Safety,  Service  and  Economy. 

Asi  for  your  copy  of  General  Plug  Catalog  or  Special  Airplane  Plug  Catalog 


CANNON  ELECTRIC  DEVELOPMENT  CO 

420  WEST  AVENUE  33,  LOS  ANGELES,  CALIFORNIA 


Easlern  Sales  Office:  220  FIFTH  AVE.,  NEW  YORK,  N.  Y. 
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"The  Standard  hr  Which  Others 
Are  Judged  and  Valued** 

^7  ERE  reronliii^'tiiirroiilione  fidelity.  rig:lit 
z/j.  down  to  the  finest  detail  ...  an  ideal  toward 
whieh  the  in<lut«try  hat*  worked  itt)  way  by  8low  and 
careful  <legree».  Not  tuinee  the  advent  of  the  pick¬ 
up  in  1926  ha8  there  b(‘en  a  development  8o  im¬ 
portant  to  Keeor<led  Mu!«ie.  Now  .  .  .  listen  to  abito- 
lute  facsimile  reproduction  .  .  .  delighlful  to  engi- 
neert«  and  laymen  alike  ...  a  real  wide  range  piek-up 
performance  that  ha!«  made  >«keptical  technicians  ex¬ 
claim.  “That's  THE  answer  to  the  problem  I”. 

ATDAX 

Miii(n€'l€»-liidu€*tiv€'  l*i€*k-iipK 

Built  on  thr  ideiiliral  principle  employed  in  the 
actual  makiuK  of  the  Higher  Fidelity  records.  Posi¬ 
tive,  unfailing,  unvarying  .  .  .  immune  alike  to  heat 
and  to  humidity  ...  used  throughout  the  world  in 
foremost  Broadcast  Stations,  Theatres  and  Labora¬ 
tories.  A  model  for  every  need,  from  the  humblest 
midget  portable  to  the  most  exacting  transcription 
requirements. 

iJsUmg  at  8».r>U  to  «:if»0-00 

A  T  D  A  A  C  O  M  l»  A  A  Y 
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temperature  coefficient  of  frequency.  It 
is  contained  in  a  temperature  con¬ 
trolled  compartment  at  60  ^  0.1°  C. 
The  vibration  of  the  tines  of  the  fork 
control  the  frequency  of  the  current 
flowing  in  the  pick-up  coil  which  is 
then  fed  to  the  grid  of  the  vacuum 
tube  oscillator.  A  rheostat  in  the 
pick-up  coil  circuit  permits  the  fre¬ 
quency  to  be  adjusted  over  a  small 
range.  The  output  of  the  oscillator 
is  fed  to  a  buffer  amplifier  which  in 
turn  controls  the  thyratron  inverter. 

The  thyratron  inverter  includes  a 
pair  of  FG-67  tubes  in  a  self-excited 
circuit,  the  frequency  of  which  is  con¬ 
trolled  by  the  oscillator.  The  output 
of  the  inverter  is  fed  to  forty  clocks 
throughout  the  plant,  but  the  unit  is 
capable  of  operating  as  many  as  125 
clocks. 

A  feature  of  this  power  supply  sys¬ 
tem  is  that  the  frequency  generating 
unit  is  comparatively  small  in  size, 
contains  no  moving  mechanical  parts, 
operates  from  115  volts  d.c.,  and  except 
for  tube  replacement  requires  prac¬ 
tically  no  maintenance  attention. 


CONCENTRIC  TRANSMISSION  LINE 


For  Conducting  Radio  Frequency  Power 


DEPENDABLE  PERFORMANCE 
SIMPLE  INSTALLATION 
COMPLETE  SHIELDING 

Lines  are  available  in  sizes  suit¬ 
able  for  power  ranging  from  500 
kw.  down  to  receiver  circuits. 
Gas  filling  equipment  and  elec¬ 
trical  terminating  equipment  are 
also  supplied. 


Symposium  on  MetaU 

Several  of  the  papers  presented  at 
the  recent  symposium  on  metals  at  the 
Massachusetts  Institute  of  Technology 
dealt  with  subjects  of  interest  to  elec¬ 
tronics  engineers. 

In  a  paper  on  The  Uses  and  Limi¬ 
tations  of  X-Ray  Diffraction  Metfunls, 
Prof.  John  T.  Norton  of  M.I.T.  out¬ 
lined  some  of  the  fields  in  which  u.seful 
results  can  be  obtained  by  x-ray  dif¬ 
fraction  methods.  These  include  iden¬ 
tification  of  metallic  phases,  determin¬ 
ation  of  the  composition  of  homogen¬ 
eous  phases  and  the  range  of  compo¬ 
sition  in  non-homogeneous  phases. 
Crj'stal  orientation  can  be  accurately 
measured  and  heterogeneous  stress 
systems  producing  lattice  distortion 
can  be  studied. 

Dr.  A.  W.  Hull  of  the  Research 
Laboratory,  General  Electric  Co.  spoke 
on  Properties  of  Glass  Sealing  Alloys, 
pointing  out  that  the  two  requirements 
of  a  glass  sealing  alloy  are  a  low 
coefficient  of  thermal  expansion  in  or¬ 
der  to  match  the  expansion  of  prac¬ 
tical  glasses,  and  non-linear  expansion 
having  a  transition  from  low  lo  high 
expansion  in  the  region  of  400°C. 

The  first  condition  is  satisfied  by 
tungsten,  molybdenum,  platinum,  and 
certain  iron-nickel  and  iron-chromiun. 
alloys,  but  only  iron-nickel  and  iron- 
nickel-cobalt  alloys  fulfill  the  seconil 
condition.  In  the  iron-nickel  alloys 
the  transition  occurs  at  too  low  a  ten  - 
perature  to  match  any  commercial 
glass,  but  it  has  been  found  possible 
to  make  special  glasses  whose  expan¬ 
sion  is  very  close  to  that  of  42%  nickel- 
iron  alloy.  These  glasses  are  suitable 
for  certain  purposes.  The  transition 
temperature  is  raised  by  the  addition 
of  cobalt  and  reaches  a  maximum  for 
18%  cobalt,  28%  nickel  and  54%  iron. 


Your  inquiries  regarding  applications  of 
roncentric  transmission  line  are  solicited. 


DOOLIHLE  &  FALKNOR,  Inc 


7421-23  S.  LOOMIS  BOULEVARD 
CHICAGO.  ILLINOIS 


Camptete 

Line 


TYPICAL  THEATER  UNIT 

^  For  Every  Use — from  the  Broadcast 
Control  Room  to  the  Largest  Auditorium 

Lansing  will  furnish  High  fidelity  Speaker  Sys¬ 
tems  for  every  application.  In  all  these  systems 
types  284  and  15XS  driver  units  are  used  on  High 
Frequency  Multicellular  and  folded  Low  Frequency 
Exponential  horns.  A  series  of  horns  is  available 
to  give  any  required  type  of  coverage. 

Complete  specifications  will  be  furnished  to  all 
inquirers  giving  detailed  information  regarding 
their  requirements. 

*See  advertisement  in  February  Electronics 


LANSING  MANUFACTURING  CO 

1 1  6900  McKinley  Los  Angeles,  Californic 
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9  Here  are  but  a  few  of  the  infinite  variations 
possible  with  CentraleJs  Switches.  *  Whatever  your 
requirements  there  is  a  positive,  bull-dog  contact 
switch  which  can  be  designed  and  produced  to 
meet  your  particular  circuit  requirements.  *  They 
are  engineered  to  meet  Centralab's  exacting 
standards  of  quality.  »  »  »  »  » 

CENtBALAB  Division  of  Globe-Union  Inc. 

MILWAUKEE,  WISCONSIN 


BRITISH  CENTRALAB.  LTD. 
Canterbury  Rd«  Kilbum 
London  N.  W.  6  England 


FRENCH  CENTRALAB  CO. 
118  Avenue  Ledru-Rollin 
Paris  XI.  France 


Cen^alab 

SelecTorSiuiTches 


•  TONE  SWITCHES 

•  WAVE  BAND  SWITCHES 

•  LOCAL  DISTANCE 
SWITCHES 

•  HIGH  FIDELITY 
SWITCHES 

•  INPUT  OUTPUT 
REVERSAL  SWITCHES 

•  SHORT  WAVE 
LOW  LOSS 

•  ISOLANTITE  SWITCHES 
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The  Beginning 

of  the  end 
of  your  troubles 


Tabe  performance  is  jnst  as  depend¬ 
able  upon  material  as  upon  design. 
Many  tube  troubles — especially  in 
power  tubes — are  traceable  to  the 
plate  and  grid  materials. 

For  grids  and  plates,  tantalum  ap¬ 
proaches  perfection  more  closely  than 
any  other  materiaL  It  is  an  element, 
not  an  alloy,  hence  it  is  uniform.  It 
is  more  easily  cleaned  and  degassed. 

It  is  easily  formed  and  fabricated.  It 
is  not  embrittled  at  high  temperatures 
in  vacuum.  It  is  a  natural  ‘‘getter,” 
absorbing  gases  liberated  by  other 
tube  parts.  As  a  grid,  its  secondary 
emission  characteristics  are  controll¬ 
able. 

Tantalum  wire  and  sheet  are  espe¬ 
cially  prepared  for  use  in  tubes.  Com¬ 
plete  anodes  are  made  to  exacting 
specifications. 

Leading  manufacturers  of  power 
tubes  are  using  more  tantalum  parts 
every  month.  Perhaps  tantalum  will 
solve  a  difficult  problem  for  you,  too. 
Our  research  staff  is  willing  to  coop¬ 
erate. 

EILECTRICAX.  CONTACTS  of  ttmctton,  molyb* 
doniuB,  pUtinum,  tiWer  and  alloys,  dosiKBed 
and  made  by  Fanstoel,  afford  oxtra  dependao 
bility  io  relays  and  other  electronic  operated 
derieee. 

Fansteel 

hetallurgical  corporation 

NORTH  CHICAGO,  ILLINOIS 


’  ---IS-,.  T" 


SHAIiLCROSS 

Instrument  Switches 

Type  530 

Single  and  Double 
Deck 


Frank  Shepard  (third  from  left) 
of  RCA  Radiotron  $hotP$  his  eleo 
tronic  speed  indicator  to  Chief 
of  Police  McMenamin,  Director 
of  Public  Safety  Cuthbert  of  At¬ 
lantic  City,  and  Dr.  Otis  Caldwell, 
General  Secretary  of  the  American 
Association  for  the  Advancement 
of  Science,  at  the  recent  conven¬ 
tion  of  that  society  held  at  Atlantic 
City 


The  530  Instrument  Switch 
has  been  designed  to  provide 
a  high  grade  inexpensive  ro¬ 
tary  switch  of  many  contact 
points,  to  be  used  in  instru¬ 
ment  circuits  for  the  selection 
of  ranges,  tapping  resistances, 
transformers,  laboratory  test 
equipment  and  many  other 
uses. 

Write  for  Bulletin  5i0-i4 
for  details  and  prices. 

SHA1XCR088 MFC.  CO. 

COLLINGDALE,  PA. 


A.S.A.  Standards  on 
Acoustics 


Several  years  ago  the  Institute  of 
Radio  Engineers  took  the  first  step  in 
attempting  to  standardize  acoustical 
terminology  by  issuing  a  report  con¬ 
taining  about  forty  terms  relating  to 
acoustics  and  electrico-acoustic  instru¬ 
ments.  This  was  followed  by  a  report 
of  approximately  150  terms  published 
by  the  Acoustical  Society  of  America. 
Extension  of  this  work  was  then  taken 
up  by  the  American  Standards  Asso¬ 
ciation  under  the  administrative  lead¬ 
ership  of  the  Acoustical  Society.  The 
A.S.A.  Committee,  representing  ap¬ 
proximately  thirty  engineering  and 
scientific  societies  as  well  as  govern¬ 
mental  agfencies  has  just  published  its 
report  on  Acoustical  Terminology, 
American  Tentative  Standards  Z24.1 — 
1936.  Copies  are  available  at  twenty- 
five  cents  each  from  the  American 
Standards  Association,  29  West  39th 
Street,  New  York  City.  Other  stand¬ 
ards  completed  by  A.S.A.  Committee 
on  Acoustics,  which  are  also  available 
at  twenty-five  cents,  are  Standards  on 
Noise  Measurements,  Z24.2-1936  and 
Standards  for  Noise  Level  Meters, 
Z24.3— 1936. 


EXHIBITS  TUBE  DEVICES 
TO  A.A.A.S. 


YeSm 


>we  make 


Lvgs 


^  BOVE  are  illuatrated 
our  new  type  of  eyelet 
lugs  D-*,  G^,  H-*  and  I-* 

.  .  .  typical  of  the  pre¬ 
cision  work  now  boiug 
done  in  our  Stamping 
Department. 

We  work  with  equal 
facility  in  steel,  brass, 
copper  and  bakelite. 

Manufacturers  and  lab¬ 
oratory  executives  are  in¬ 
vited  to  submit  their 
problems  to  our  techni¬ 
cians.  Let  ns  quote  on 
your  present  require¬ 
ments. 

Complete  Catalog  on  Reguast 

A  merican 

RADIO  HARDWARE  CO,  INC. 

476  Broadway  New  York,  N.  Y. 
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REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


USED  BY  LEADING  BROADCAST  STATIONS 


FAIRCHILD  AERIAL  CAMERA  CORPORATION 

SOUND  EQUIPMENT  DIVISION 

62-10  WOODSIDE  AVENUE  •  WOODSIDE,  NEW  YORK  CITY 


Design  of  Apparatus  for 
Oiitgassing  Electro<les 

[C.  W.  Oatley  and  J.  B.  Smith, 
Wheatstone  Laboratory,  King:s  Col¬ 
lege,  London.]  The  essential  parts  of 
apparatus  required  are  an  r-f  genera¬ 
tor  and  a  solenoidal  heating  coil  sur¬ 
rounding  the  piece  of  metal  or  a  pan¬ 
cake  coil  close  to  a  disk  of  metal  to 
be  treated.  It  is  convenient  to  have 
a  number  of  coils  of  different  shapes 
and  sizes,  and  an  r-f  transformer  of 
variable  ratio  between  heating  coil  and 
generator  for  matching  impedances. 
The  heat  generated  per  second  in  the 
metal  depends  on  the  field  strength  and 
the  frequency.  Tests  made  at  con¬ 
stant  frequency  and  current  with  a 
coil  2J  in.  long,  wound  on  a  form  3  in. 
in  diameter,  with  a  varying  number  of 
turns,  n,  show  that  when  heating  hol¬ 
low  cylinders  the  efficiency  is  a  maxi¬ 
mum  for  R/n’  a  minimum,  where  R  is 
the  resistance  of  the  coil.  It  may  be 
shown  that  the  maximum  is  independ¬ 
ent  of  the  number  of  turns  when  the 
coil  with  least  resistance  is  used.  The 
field  E  is  a  maximum  when  the  fre¬ 
quency  f  satisfies  the  relation  f  = 
2.77  R,/Li,  where  Ri  is  the  ohmic  I'e- 
sistance  and  L,  the  self-induction  of 
the  transformer  represented  by  the 
coil  and  the  metal  cylinder.  For  solid 
metals  the  efficiency  is  independent  of 
the  frequency.  In  practice  a  frequency 
of  100  kc.  is  a  suitable  value.  The 
efficiency  of  the  heating  coil  increases 


REMLEI^ 


PORTABLE  SPEECH 
INPUT  EQUIPMENT 


Endorsed  by  leading 
Broadcast  Stations 


i  1  i  Compact,  high  fidelity  audio  system  in- 
g  I  corporating  refinements  ordinarily  associ- 

I  ated  with  studio  equipment.  High  gain 
lli:l  remote  amplifier  and  power  supply,  de- 
V  Jla  signed  for  use  with  either  dynamic,  veloc- 

microphone.  Three  channel 
input,  each  controlled  by  individual  lad- 
j  attenuators  and  wire  wound  tapped 
master  gain  potentiometer.  Output  fesd 
one  or  two  broadcast  loops  simultaneously.  50,  200  or  250  ohm  input  as  ordered. 

For  operation  with  A.C.  power  supply  shown  or  with  battery  box.  Units  connected 
by  6  ft.  cable  with  lock  type  plugs.  Overall  gain  93  db.  Tubes:  2-77,  2-6A6 
and  1-80. 

The  amplifier  and  power  supply  units  mounted  in  sturdy  reinforced  fibre  carrying 
cases  with  cover  protecting  the  attractive,  engraved  dural  front  panels.  Size  of 
amplifier  carrying  case  9%  x  1 1  x  20.  Power  supply  case  9  x  20  x  9%.  Amplifier 
unit  may  be  equipped  with  any  standard  type  microphone  input  connector.  Write 
for  catalog  sheets  and  prices. 

REMLER  COMPANY,  Ltd.,  2101  Bryant  Street,  San  Francisco 


Tube  noise  (fluctuation 
noise)  Between  150  ke. 
and  15  Me. 


(H.  Rothe  and  G.  Plato,Telefunken 
Laboratory)  The  shot  effect  is  the 
main  cause  of  tube  noise  persisting 
over  a  wide  range  of  frequencies.  The 
theoretical  formula  for  the  shot  effect 
does  not  apply  to  radio  tubes  owing 
to  the  existence  of  space  charges  which 
tend  to  even  out  the  inevitable  irregu¬ 
larities  in  emissions  so  that  only  a  frac¬ 
tion,  F,  of  the  normal  effect  (the 
square  root  of  twice  the  product  of 
electronic  charge  e  times  saturation 
current  i  times  band  width  tv)  is  to  be 
expected.  In  the  case  where  an  ohm*c 
resistance  is  inserted  in  the  plate  cir¬ 
cuit  the  voltage  which  would  have  to  be 
applied  to  the  grid  in  order  to  produce 
the  noisy  portion  of  the  saturation 
current  i,  measured  in  milliamperes,  is 
given  by 

v=  F  2  e  i  w  /  K, 

when  K  is  the  mutual  conductance,  in 
practice  equal  to  at*,  with  a  between 
about  0.6  and  1.8.  Hence 


Light  Wdght  -  Scientific  Balance  by  Adjust¬ 
able  Counterweight;  Calibrated  Needle 
Pressure  Scale  -  Ball-bearing  throughout  - 
Minimum  Record  Wear  -  Extended  Fre¬ 
quency  Range,  High  and  Low  -  Uniform 
Response  -  Non-Resonant  -  Non-Magnetic 
-  Freely  Damped  -  Selected  Ciystal  -  Pre¬ 
cision  Manufaaure. 


Electrically  and  mechanically  engineered 
to  produce  the  finest  and  most  uniform  re¬ 
sponse  throughout  the  entire  audio  range — 
with  minimum  record  wear — Fairchild- 
Proctor  Pickups  are  becoming  standard 
equip.ment  in  the  foremost  broadcast  sta¬ 
tions  throughout  the  world. 


Write  for  Complete  Catalog 


u>(kc.)  in  microvolts. 
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A  transformer  designed  to  supply  regulated 
power  to  devices  requiring  a  constant  voltage. 
Variations  in  line  voltage  are  instantaneously 
corrected  and  a  constant  low  voltage  level 
maintained.  This  transformer  is  specially  suited 
to  low  voltage  applications  such  as  photo¬ 
electric  cells,  X-Ray  lamp  filaments,  exciter 
lamps,  precision  and  recording  instruments, 
and  many  others. 

Compensators  are  built  to  individual  speci¬ 
fications,  and  quotations  will  be  furnished  on 
request.  Specify  expected  line  variation,  reg¬ 
ulation  required  and  a  description  of  the  load 
to  be  supplied. 


#  6 


Potent  No.  1893251 


STANDARD  CAPACITIES  FOR  LAMPS 


21  CP 

32  CP 

50  CP 

INPUT 

95  to  125  V— «0  Cyc.  AC 

95  to  125  V— 60  Cyc.  AC 

95  to  125  V— 60  Cyc.  AC 

OUTPUT 

6K  volts 

6K  volts 

6>i  volts 

WHGHT 

5  lbs.  9  ot. 

7  lbs.  5  oz 

11  lbs.  8  oz. 

HEIGHT 

3H  inches 

3^  inches 

inches 

WIDTH 

iyi  inches 

3H  inches 

inches 

LENGTH 

inches 

inches 

inches 

SOLA  ELECTRIC  COMPANY  cH^A^a 
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©IMIMniTE 


NO  OTHER  nPE  OF  RHEO- 


STAT  MADE  CAN  GIVE 
YOU  THE  SMOOTH,  POSITIVeI 
AND  CLOSELY  GRADUATEd| 
CONTROL  OF  POWER  WHICH! 
THESE  HEW  OHMITE 
RHEOSTATS  AFFORD  ... 
SEND  FOR  CATALOG  NUM¬ 
BER  16  DESCRiBIHS  THESE] 
AND  OTHER  OHMITE 


QUALITY  RESISTANCE 


OHMITE  MANUFACTURING  CO. 

4825  FLOURNOY  ST. 

CHICAGO  ILLINOIS 


RHEOSTATS 

RESISTORS 

AND  TAP-SWITCHES 


Changes  in  the  plate  current  have, 
therefore,  only  a  small  influence,  and 
for  practical  purposes  i  may  be  taken 
as  1  milliamp.  The  reduction  factor  F 
is  determined  by  the  electron  emission 
from  the  cathode,  the  constant  a  by  the 
dimensions  and  positions  of  the  elec¬ 
trodes.  A  tube  with  a  small  a  (that  is, 
a  small  mutual  conductance)  produces 
less  noise  than  a  tube  with  a  large 
mutual  conductance  carrying  the  same 
current. 

The  formula  deduced  was  tested  by 
measuring  with  a  calibrated  radio  re¬ 
ceiver  the  noise  produced  by  various 
triodes  and  pentodes,  taking  50  tubes 
of  each  kind,  with  a  tuned  circuit 
shunted  by  a  resistance  in  the  plate 
lead.  The  sensitivity  of  the  receiver 
was  adjusted  by  varying  the  grid  bias. 

A  d-c  instrument  was  inserted  in  the 
plate  circuit  of  the  diode;  the  voltage 
was  measured  at  the  output  tube.  The 
band  used  was  4  kc.  wide,  the  load 
20,000  ohms.  For  currents  above  1 
milliampere  the  intensity  of  the  tube 
noise  was  found  to  be  constant,  for 
weaker  currents  it  increased  with  the 
logarithm  of  the  current,  which  does 
not  then  give  a  K  proportional  to  i*. 
As  is  to  be  expected  the  noise  increases 
in  general  with  decreasing  filament  j 
current,  that  is,  with  decreasing  space 
charge.  It  is  independent  of  the  fre¬ 
quency  between  150  and  1500  kc.  For 
currents  of  1  milliampere,  the  order 
of  magnitude  may  be  found  from  the  j 
following  table.  ' 


Triode  directly 

F 

a 

0.56  F  R 
a  (ohms 

heated  . 

Triode  indirectly 

0.38 

0.6 

0.35 

7200 

heated  . 

Triode  indirectly 

0.5 

1.3 

0.21 

2600 

heated  . 

0.57 

1.4 

0.23 

3100 

Pentode  . 

0.6 

1.5 

9.23 

3100 

R.f.  pentode  . . . 

0.75 

1.75 

0.24 

3400 

In  the  r-f  tubes  of  a  receiver  the  noise 
is  therefore  of  the  order  of  one  mi¬ 
crovolt.  The  last  column  contains  the 
value  of  the  resistance  in  which  ther¬ 
mal  agitation  produces  the  same  fluc¬ 
tuation  noise  as  the  emission  does  in 
radio  tubes.  The  values  of  R  are  of 
the  same  order  as  those  given  for  tubes 
by  Pearson  between  10  kc.  and  12  kc. 
and  a  load  of  50,000  ohms.  (Telef. 
rohre  No.  7:94-108.  1936). 


•  •  • 


Booklet  on  Radio  Reception 

Engineering  Bulletin  No.  19,  pre¬ 
pared  by  the  committees  of  the  RMA, 
NELA,  and  EEI,  and  entitled.  Good 
Radio  Reception  has  been  recently  re¬ 
leased  from  the  headquarters  of  the 
Radio  Manufacturers  Association,  1317 
F.  St.,  Washington,  D.  C.  The  mate¬ 
rial  presented  was  prepared  as  a  step 
in  the  education  of  the  public  as  to 
the  fundamental  conditions  necessary 
for  satisfactory  reception  in  the  home. 


Jhe  Dependable 

IRON  CORE 


Any  Molded  Shape 

and  the 

NEW  LAMINATED 
MATERIAL 


IF  and  RF  tranaformera  uaing  high  ir»- 
guency  FERROCART  CORES  available 
from  LEADING  COIL  MANUFACTUR¬ 
ERS  for  any  large  acale  production. 

Definitely  improvea  aelectivity,  gain 
and  aignal  to  noiae  ratio.  GUARAN¬ 
TEED  UNIFORMITY  WITHIN  CLOSE 
TOLERANCES — immune  to  temperature, 
humidity  and  age. 

Numeroua  United  Statea  and  Foreign 
patenta  granted;  additional  patenta 
pending. 

Advanced  engineering  aervice  avail¬ 
able  baaed  on  broad  American  and 
European  experience. 

FERROCART 
CORPORATION  OF 
AMERICA 

12  East  41  St.,  New  York 

Cables  "HARAFORD  New  York" 


DU  MONT  OSCILLOGRAPHS 
INCORPORATE  MANY  ADVANCE 
FEATURES  OF  DESIGN 


Du  Mont  manufactures  the  most  complete  line 
of  Cathode  Ray  Oscillographs.  Models  avail¬ 
able  using  3,  S  and  9  inch  Cathode  Ray  Tube« 
Also  an  Electronic  Switch  and  other  acces 
sory  equipment  including  a  complete  line  of 
Cathode  Ray  and  Sweep  Discharge  Tubes. 
These  products  are  in  the  sixth  year  of  suc¬ 
cessful  manufacture.  Every  Cathode  Ray  Tube 
used  by  Du  Mont  is  engineered  and  manufac 
tured  in  the  Du  Mont  Laboratories. 

For  detailed  information  write: 

ALLAN  B.DU  MONT  Laboratories,  inc. 

UPPER  MONTCLAIR,  N.  J. 
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Erie  Insulated  Resistors  are  pro* 
tected  by  a  pre-formed,  uniform  ceramic 
wall  that  will  withstwd  3,000  volts 
A.  C.  Because  ceramic  case  is  white, 
color  code  paint  retains  its  true  hue 
on  application;  is  easy  to  read,  cannot 
flake  off. 


Erie  Insulated  Resistors  give  uni¬ 
formly  superior  results  in  all  standard 
tests  for  load,  temperature,  voltage, 
humidity  and  noise.  We  will  be  glad 
to  send  you  a  generous  supply  of 
samples  to  test  in  your  own  hJaora- 


Erie  Insulated  Resistors  are  made 
in  1/4  and  1/2  watt  sizes  in  all  resist- 
aiice  values  from  a  few  ohms  to  several 
megohms.  You  Ccui  depend  on  them 
to  maintain  their  actual  ratings  under 
all  ordirtory  operating  conditions. 


1  ‘ 

jfp. ! 

If 

M'Ui. 

=  'jT  t 

Wmmii 

m 

TWICE  ACTUAL  SIZE 


CARBON  RESISTORS 

and  suppressors 


ERIE  RESISTOR 
CORPORATION 


TORONTO 
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ERIE,  PENNSYLVANIA 


AUTOMATIC  INJECTION 
MOLDING 


LONDON 
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Selectivity  of  Radio  Receivers 

[Pierre  David,  National  Radioelectric 
Laboratory,  Paris.]  Selectivity  may 
properly  be  defined  as  the  degree  to 
which  the  radio  receiver  is  capable  of 
differentiating  between  the  desired  sig¬ 
nal  and  signals  of  other  carrier  fre¬ 
quencies.  Prolonged  operation  of  a  re¬ 
ceiver  gives  the  best  idea  of  its  selec¬ 
tivity;  short  time  tests  in  the  labora¬ 
tory  should  imitate  the  conditions  met 
with  in  practice.  In  general  the  re¬ 
ceiver  is  tuned  to  the  frequency  of  a 
certain  signal  and  its  response  to  this 
frequency  and  to  a  series  of  neighbor¬ 
ing  frequencies  is  studied,  measuring 
in  each  case  the  ratio  of  output  to  in¬ 
put,  preferably  in  decibels.  The  choice 
of  the  steps  (/ — /,)  differs  in  the  vari¬ 
ous  countries;  in  France  the  steps  are 
1,  3,  5,  10  and  20  kc.  off  resonance,  in 
Germany  they  are  one-fourth  of  the 
frequency  separation  between  desired 
and  undesired  signals;  in  other  coun¬ 
tries  f — /,  is  increased  by  10  kc.  until 
100  kc.  frequency  separation  or  80 
db.  attenuation  is  obtained.  The  mod¬ 
ulating  frequency  is  practically  the 
I  same  in  all  countries,  400  cycles  per 
'  second  except  in  Japan  which  uses 
,  1,000  cycles  per  sec.  The  degree  of 
j  modulation  is  309<>  (40%  in  Japan  and 
j  50%  in  Poland).  The  .selectivity  is 
^  measured  at  three  different  wave¬ 
lengths,  or  in  France  at  four  different 
wave-lengths  of  the  ordinary  broad¬ 
cast  band. 

'  The  methods  of  measuring  selectivity 
are  by  no  means  uniform.  The  tests 
made  with  the  aid  of  a  single  r-f  gen¬ 
erator  may  be  made  in  two  wa>*s:  (a) 
by  keeping  the  input  A  constant,  (equal 
to  six  microvolts,  for  instance)  and 
measuring  the  output  voltage  B.  This 
I  leaves  out  of  account  the  fact  that 
I  detection  and  audio  amplifier  stages, 
which  present  the  least  linear  relation¬ 
ships  in  receivers,  are  thus  operated  at 
widely  differing  levels,  (b)  The  out¬ 
put  B  is  kept  constant,  equal  to  four 
milliwatts,  for  instance,  or  equal  to 
the  value  used  when  determining  the 
selectivity,  and  A  is  varied.  Since  the 
purpose  is  to  study  interfering  signals, 
the  output  may  be  reduced  to  the  level 
at  which  jumbling  be-;omes  noticeable, 
which  is  the  case  when  the  output  is, 
normal  output  of  50  milliwatts  (one 
watt  in  Russia).  A  highei  output  is 
often  chosen  for  greater  convenience 
so  that  the  results  may  cease  to  re¬ 
main  comparable.  The  curves  obtained 
obey  relations  of  the  form  /-/,  =  AK*, 
where  K  is  the  ratio  of  interference 
to  signal,  and  A  and  b  are  constants. 

The  tests  with  a  single  generator 
imitate  but  poorly  the  actual  comli- 
tions  in  which  a  mixture  of  signls  ar¬ 
rives  at  the  receiver.  A  method  using 
the  two  frequencies  /  and  /,  side  by 
side  is  preferable  but  requires  two  r-f 
generators  which  can  be  started, 
stopped,  modulated  and  tuned  indepen¬ 
dently.  It  will  then  be  found  that  ‘.he 
presence  of  two  frequencies  may  pro¬ 
duce  a  beat,  or  that  the  first  stages  are 


water  at  68°  F.  Dielectric  Strength, 
volts  per  mil,  tests  450/650.  Dielec¬ 
tric  Constant,  measured  at  10^  cycles 
per  second  is  5.0/5.5  XPLW  has  good 
machining  qualities — is  readily  fabri¬ 
cated.  Send  for  samples. 


On  thicknesses  1/16"  to  1/8"  inclu¬ 
sive  Dilecto  XPLW  has  a  remarkably 
low  Power  Factor  of  .02 1 5  to  .025 
measured  at  10°  cycles  per  second 
— and  it  does  not  increase  more  than 
10%  after  48  hours'  immersion  in 


CONTINENTAL-DIAMOND  FIBRE  COMPANY 


NEWARK,  DELAWARE 

Rapretentad  in  Canada  by  Diamond-State  Fibre  Co.  of  Canada,  Ltd.,  Toronto  and  Montreal 


Many  stations  find  this  exact  measuring  serv¬ 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 


MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  hour  every  day  in  the  year 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OP  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


The  SIGMA  RELAY 

MODEL  2-A 


A  12  milliwatt  semi-sensitive  instrument  for  general 
electronic  and  industrial  uses. 

It  embodiae  tho  followinp  featdres: 

Input  12  milliwatte,  D.C. 

Hair-sprini  adluetmont. 

Sinple-pole-dotible-throw. 

Operable  In  any  position  at  rated  input. 

Fine  Silver  Contaete  eontrol  loads  up  to  I'/s  amperes  at 
no  volte  A.C. 

Neatly  housed  In  plase-topped  duet  cover. 

Mounted  on  S-pronped  plup-in  bass  Stting  standard  V.T. 
socket. 

List  Pries 

With  coil  resistances  up  to  2,000  ohms .  SS.OO 

With  higher  coil  resistances  up  to  8,000  ohms...  S.SO 


SIGMA  INSTRUMENTS,  INC 


Belmont,  Mass. 


388  Trapelo  Road 
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caused  to  operate  in  a  reprion  which  is 
no  lonprer  linear,  or  in  more  serious 
cases  the  unwanted  signal  is  so  strong 
that  it  loads  the  first  stages,  the  de¬ 
sired  output  decreasing  with  increasing 
strength  of  the  interfering  frequency. 

After  having  started  the  modulated 
signal  frequency  generator  and  ad¬ 
justed  it  so  as  to  get  a  normal  output 
B,  three  different  tests  may  therefore 
be  made  with  the  aid  of  the  second 
generator,  in  order  to  establish  the  se¬ 
lectivity  of  the  receiver.  In  test  (c) 
the  modulation  is  suppressed  and  the 
amplitude  of  the  interfering  signal 
brought  to  a  value  (4  milliwatts)  at 
which  whistling  exceeds  the  limit  of 
tolerance.  In  test  (d),  after  having 
again  suppressetl  the  modulation  of  /, 
the  interference  /,  is  modulated  and 
the  amplitude  of  /,  noted  at  which  it 
impres.ses  its  frequency  upon  the  de¬ 
sired  carrier  (180  microvolts)  with  an 
objectionable  strength  (4  milliwatts). 
Finally  in  test  (e),  the  modulated  sig¬ 
nal  and  the  carrier  of  the  jumbling 
fre<iuency  are  applied  to  the  receiver, 
and  the  amplitude  of  /,  is  noted  at 
which  it  weakens  the  signal  in  a  cer¬ 
tain  ratio,  about  3  to  12  db. 

Tests  (a)  to  (e)  carried  out  at  the 
Laboratoire  National  Radioelectrique 
on  the  same  receiver  show  that  the 
different  methods  are  far  from  giving 
the  same  results.  Method  (a)  is  likely 
to  yield  results  which  are  too  favorable, 
method  (c)  gives  curves  which  are  too 
steep  and  too  narrow.  Method  (b)  and 
(d)  seem  to  be  in  fair  agreement 
when  all  the  stages  work  without  dis¬ 
tortion.  It  is  clear,  however,  that  se¬ 
lectivity  curves  obtained  by  different 
methods,  may  differ  by  as  much  as  20 
db.  for  the  same  frequency  separation 
/ — /,.  Adoption  of  uniform  tests  is 
therefore  an  urgent  need. —  {Onde  cl. 
15  (No.  177):  5.3.3-563.  19.36). 


Delco  Automobile  Radios  embody  the  sound 
engineering  principles  that  for  many  years  have 
made  the  name  Delco  synonymous  with  quality 
and  performance  in  other  branches  of  the  auto¬ 
motive  industrv. 


Delco  Radios  are  equipped  with 
GOAT  FORM- FITTING  TUBE  SHIELDS. 


GOAT  RADIO  TUBE  PARTS,  INC. 

314  Dean  Street,  Brooklyn,  N.  Y. 

(A  Division  of  THE  FRED  GOAT  CO.,  INC.,  Est.  1893) 


A  NEW  PERMANENT  MAGNET 

A  new  development  in  a  permanent 
magnet  dynamic  speaker  which  permits 
the  removal  of  the  magnet  assembly 
from  the  basket,  voice  coil  and  cone 
h  j  assembly,  without  disturbing  the  magnet 
7  assembly,  the  center  location  of  the  pole 
/  piece  or  the  strength  of  the  magnet. 
£^'/  Engineers  and  service  men  will  readily 
J&y  appreciate  this  desirable  feature  in  re- 

/  pairing  and  servicing  this  type  of  speak- 

er.  Present  production  in  6V2”  and  8" 

-w  ■  speakers. 

ARISTON  MANUFACTURING  CORPORATION 

4049-59  Diversey  Avenue  Chicago,  Illinois 


Interference  from 
Motor  Cars 

A  STATEMENT  has  been  circulated  to 
the  effect  that  the  BBC  has  established 
a  department  which  is  devoted  to  re¬ 
search  in  car  radio.  This  is  incorrect. 
The  BBC  is  not  concerned  with  car 
radio;  but  it  is  interested  in  inter¬ 
ference  with  broadcasting  caused  by 
the  ignition  systems  of  many  motor 
cars.  Experiments  are  being  carried 
out  to  see  whether  arrangements  can¬ 
not  be  made  to  stop  this  nuisance,  and 
it  has  been  found  that  it  is  possible 
to  put  .«uppressors  on  almost  any  motor 
car  so  as  to  remove  the  causes  of 
interference.  This  particular  type  of 
interference  has  not  affected  sound 
oroadcasting  to  any  great  extent,  but 
it  may  prove  a  menace  to  the  tele¬ 
vision  service  if  allowed  to  go  un¬ 
checked. 


ELECTRONIC  CONTROL  DEVICES 


for  industrial,  manufacturing,  safety, 
burglar  alarm,  advertising,  and  other 
purposes. 
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Our  engineering  staff  evaileble  to  develop  end 
consult  with  you  on  your  electronic  problems. 


37  Wnt  54th  street 
New  York.  N.  Y. 


Director  of  Rotearch 
Prof.  Loon  Theremin 
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COLLOIDS 

CORPORATION  , PORT  HURON, MICH, 


Note  on  the 

Performance  of  Electro 
Dynamic  Loudspeakers 


COLLOIDAL 

GRAPHITE 


LET  IIS 


(N.  Mezey)  The  power  radiated  by  a 
loudspeaker  is  equal  to  the  product, 
radiation  resistance  times  the  square  i 
of  the  velocity  of  the  circular  mem¬ 
brane  or  disk.  When  plotted  as  a  func¬ 
tion  of  the  ratio,  diameter  to  wave¬ 
length,  the  radiation  resistance  in¬ 
creases  until  the  ratio  1/3  is  reached; 
above  this  ratio  the  resistance  is  prac-  | 
tically  independent  of  the  frequency.  ] 
In  order  to  have  a  constant  radiation 
resistance  from  the  highest  to  the  low¬ 
est  frequency,  the  wave-length  of  the 
lowest  frequency  to  be  used  should  not 
be  longer  than  three  times  the  diameter. 
In  the  case  of  a  diameter  of  3  metres 
this  means  a  frequency  of  about  30 
cycles.  For  the  diameters  used  in  radio 
receivers,  20  to  30  cm.,  the  radiation 
resistance  increases  necessarily  from 
about  200  c.g.s.  at  50  cycles  to  nearly 
30,000  at  1,000  cycles  per  sec.,  keeping 
this  value  at  higher  frequencies.  In 
order  to  render  the  output  independent 
of  the  frequency  as  far  as  the  loud¬ 
speaker  is  concerned  it  is  then  neces¬ 
sary  to  adjust  the  diaphragm  velocity  so 
that  at  low  frequencies  it  is  inversely 
proportional  to  the  frequency  and  tends 
to  a  constant  value  at  1000  cycles. 
This  condition  may  be  fulfilled,  at  least 
partially,  when  the  lowest  resonance 
frequency  of  the  loudspeaker  as  de¬ 
termined  by  the  elastic  surround  and 
the  mass  is  smaller  than  the  lowest 
frequency  to  be  radiated.  If  a  force 
having  a  frequency  higher  than  the 
resonance  frequency  acts  upon  an 
elastic  system  the  amplitude  produced 
decreases  as  1//*,  the  velocity  as  1//. 

The  author  shows  the  results  obtained 
in  a  circuit  consisting  of  output  tube, 
transformer  and  loudspeaker  when  this 
condition  is  not  satisfied.  With  some 
loudspeakers  the  resonance  frequency 
lies  at  100  cycles  per  sec.  Neglecting 
resonance  in  the  secondary  of  the 
transformer,  the  stray  field  and  the 
capacity  of  the  secondary,  maximum 
current  in  the  transformer  is  obtained 
when 


Cmttom-BuUt  to  Your 
Own  SpveHifatifpnH 

Uniformly  reliable.  Re¬ 
lays  by  Guardian  are  the 
answer  to  your  circuit 
control  problems.  Semi 
us  your  specifications 
and  weMl  gladly  design  a 
sample  relay  to  show 
how  we  meet  your  spe¬ 
cific  requirements.  AND 
we  guarantee  that  every 
relay  we  make  for  you 
in  actual  production  will 
measure  up  to  the  high 
standard  of  the  sample. 

Catalor  "Relay*  by  Ouanllaii" 
Malle<l  on  R^iuest 

GUARDIAN 

ELECTRIC 

1625  Walnut  St.  Chicago,  III. 


for  Useful  Films 


Aqueous  suspensions  of  "dag" 
colloidal  graphite  yield  highly 
tenacious  films  to  a  variety  of 
substances. 


These  films 

Retard  corrosion;  I 

Dry  with  sharp  boundaries; 
Possess  a  high  "black-body" 
factor; 

Are  homogeneous; 

Possess  a  matt-like  finish; 
Absorb  radiation; 

Promote  radiation; 

Are  electrically  conductive; 
Resist  electron  bombardment; 
Are  photo-electrically  poor; 
Are  radio-inactive; 

Are  chemically  inert. 

Two  useful  applications  of  such 
films  in  vacuum  techniques  are 
the  formation  of  guard  rings  and 
the  coating  of  complicated  glass 
forms  for  shielding,  "gettering" 
and  opacity. 


PERF0RmRnCE..DESI&ll. 
COnSTRUCTIOn.. SALES 
soy  Ifoding  RR.  m§n 


I ,  Output  incf#ai>d  S  DB. 

ThpU  —  against  oU  RF  or 

magnetic  bolds,  ontiroly  oUimDating 
hum  pickup. 

EUminatos  loodbadc  troubles. 
ExcoUont  lor  close  talking  and  dis- 
tont  pickup. 

AcousbcoUy  designed  to  eliminal# 
any  possibility  d  cavity  resonance. 
Fitted  with  switch  and  cable  clomp. 


NEWl  MODELS  RBHn  (High  Impedance);  RBMn  (200 
ohms)  with  Cable  Connector  and  Switch..  —  —  —  • 

$42.00  LIST 

NEWl  MODELS  RBSn.  RSHn.  streamline  slightly  lower 
output  and  Irequency  range  than  above,  with  switch 

only - $32.00  LIST 

Mod*l.  RAL  (200  ohmi);  RAH  (2000  ohnu).  Built  to  Am- 
paril.  standards;  No  pMks.  Flat  rMpooM.  Tripl. 
.hi.ld*d.  Shock  obMtbor .  Swiv.l  brackst —  .  - - 

S224K>  LIST 

TinishM:  All  micrephoiiM  hov.  th*  nsw  Mondard  Gun- 
mstol  nnish.  A.oilabl.  in  Chrom.,  metro,  tl.00  List 

FREE:  WINDOW  DECAL.  advartUino  your  SOUND 
SERVICE  Four -color  dMign,  S  V«  s  SVs.  Writ*  lot  it  now. 

I  HI  IHOADWAT  new  TO«« 


(/?;»+. W)  (R  +  Ri+pI.iY 


{R  +  Ri)-  + 


when  p  is  6.28  times  the  frequency,  R 
the  internal  resistance  of  the  tube,  k 
the  coefficient  of  coupling  and  Xm  the 
mechanical  reactance  of  the  loud¬ 
speaker.  The  distortion  at  the  reso¬ 
nance  frequency  is  quite  pronounced. 
In  the  example  considered  the  mechan¬ 
ical  reactance  is  given  by  20p-7.02  x 
lOVp,  approximately.  (Onde  el.  15 
No.  176:487-497.1036). 


Ask  for  Bulletins  B12,  171,  191 
230,  A260,  B260, 


March  J 937  —  ELECTRONICS 


MANUFACTURING  REVIEW 


News- 


♦  Mr.  L.  W.  Olander,  for  several  years 
employed  as  transmitter  engineer  with 
the  RCA  Manufacturing  Company,  and 
previously  with  the  Bell  Telephone 
I^aboratories,  has  accepted  the  position 
as  chief  engineer  with  the  E.  F.  John¬ 
son  Company,  Waseca,  Minn.,  manu¬ 
facturers  of  transmitting  components. 
Mr.  dander’s  past  experience  in  re¬ 
sponsible  charge  of  transmitter  design 
will  be  utilized  in  the  development  of 
new  Johnson  transmitting  equipment. 

♦  On  the  basis  of  successful  experience 


in  the  manufacture  of  high  strength 
magnetic  alloys  on  a  limited  scale;  the 
Taylor- Wharton  Iron  &  Steel  Company, 
High  Bridge,  N.  J.,  has  begun  large 
scale  production  operation  in  a  new 
plant  division  utilized  exclusively  for 
this  purpose. 

♦  The  Continental  Electric  Company 
announces  the  removal  of  their  head¬ 
quarters  from  St.  Charles  into  larger 
quarters  across  the  city  line  into  Ge¬ 
neva,  Ill. 

♦  The  appointment  of  William  L. 


Hoppes  to  the  post  of  station  relations 
manager  for  World  Broadcasting  Sys¬ 
tem  has  been  announced  by  P.  L. 
Deutsch,  WBS  president.  During  the 
past  three  and  one-half  years,  Mr. 
Hoppes’  work  as  manager  of  the 
broadcasting  department.  Electrical  Re¬ 
search  Products,  Inc.  has  gained  him 
wide  recognition  among  broadcast  per¬ 
sonnel.  His  knowledge  of  radio  station 
problems,  together  with  his  close  asso¬ 
ciation  with  WBS  in  the  operation  of 
World’s  program  service,  offer  much  to 
station  men  throughout  the  country. 


New  Products 


Oscillofifrapli 

The  new  RCA  913  cathode  ray  tube 
forms  the  foundation  unit  for  the  model 
151  cathode  ray  oscillograph  recently 
announced  by  the  RCA  Manufacturing 
Company,  Camden,  N.  J.  Full  scale  de¬ 
flection  is  obtained  at  1.75  ohms  r.m.s. 
Vertical  and  horizontal  amplifiers  have 
a  small  frequency  response  between  30 
and  10,000  cycles.  Net  price  complete 
with  all  tubes,  $47.50. 

A  companion  unit  to  the  above  is  the 
electronic  sweep  test  oscillator,  model 
150  having  a  sweep  of  from  4  to  40  kc., 
fundamental  frequency  ranges  of  from 
90  to  32,000  kc.  and  400  cycle  internal 
or  external  modulation.  Net  price 
$64.50  complete  with  all  tubes. 


I.  F.  Transformers 

The  j.  W.  Mfller  Company,  5917 
South  Main  Street,  Los  Angeles,  Calif, 
has  begun  delivery  on  a  new  series  of 
intermediate  frequency  transformers 
the  middle  of  February.  The  trans¬ 
formers  are  tuned  by  air  dielectric  con¬ 
densers  in  which  approximately  70  per 
cent,  of  the  total  capacity  is  fixed  and 
the  remainder  is  variable  by  means  of 
semi-circular  plates  adjusted  by  means 
of  an  insulated  screw  driver.  Avail¬ 
able  in  both  standard  and  selectivity 
types  with  either  air  core  or  iron  core. 
List  prices  range  from  $5  to  $6.50. 


Hearing  Aid 

The  Sonotone  Corporation,  New 
York,  announces  its  newest  develop¬ 
ment  a  “hearing  lamp”  as  an  aid  for 
the  deaf.  An  extension  cord  from  the 
lamp,  in  which  the  hearing  unit  has 
been  incorporated,  terminates  in  an 
ear  piece  of  either  air  conduction  or 
bone  conduction  type. 


Punch 

A  self-aligning  punch  for  making 
large  holes  in  chassis  for  radio  tube 
sockets,  filter  condensers,  etc.,  has  been 
brought  out  by  the  Insuline  Corpora¬ 
tion  of  America,  25  Park  Place,  New 
York. 


Service  Men  Signal 
Generator 

A  direct  reading  signal  generator 
operating  from  the  115-volt,  50  to  60- 
cycle  line  and  known  as  model  120  has 
been  announced  by  the  Triumph  Manu¬ 
facturing  Company,  4017  West  Lake 
Street,  Chicago,  Ill.  Maximum  output 
is  200  millivolts,  frequency  range  from 
100  kc.  to  27  me.  through  the  use  of 
harmonics  and  30  per  cent,  modulation 
of  a  400  cycle  audio  tone  supplied 
through  a  separate  tube  in  a  com¬ 
pressor  injector  circuit  characterize 
this  unit.  The  model  120  signal  gen¬ 
erator  employs  a  6C6  r.f.  oscillator,  a 
76  suppressor  injector  audio  modulator 
and  a  76  rectifier  tube.  Available  from 
the  factory  at  $23.95. 


Recording  Machines 

Four  new  types  of  instantaneous  re¬ 
cording  machines  have  been  introduced 
by  the  Recording  Equipment  Manufac¬ 
turing  Company,  6611  Spencer  Boule¬ 
vard,  Hollywood,  Calif.  The  two 
smaller  models  consist  of  an  amplifier, 
loud  speaker,  crystal  microphone,  cut¬ 
ting  and  reproducing  head,  turntable, 
and  motor,  to  which  may  be  added  a 
radio  receiver.  The  two  larger  models 
are  designed  for  professional  use  and 
are  supplied  with  the  7-watt  or  12i- 
watt  amplifiers. 
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Oscilloscope 

The  model  60  oscilloscope,  a  compact, 
self-contained  instrument  enclosed  in 
welded  steel  case,  and  usin^  the  913 
cathode  ray  tube  has  been  recently 
brought  out  by  the  Burton-Rogers  Com¬ 
pany,  755  Boylston  Street,  Boston, 
Mass.  The  unit  operates  from  the 
110-volt  line,  50  to  60  cycles,  and  con¬ 
sumes  30  watts.  The  vertical  sensi¬ 
tivity  is  200  volts  per  inch  for  d.c.  or  75 
volts  per  inch  for  r.m.s.  values  of  a.c. 
A  built-in  amplifier  for  the  vertical 
plates  increases  the  sensitivity  to  1 
volt  per  inch  r.m.s.  The  horizontal 
sensitivity  is  the  same  as  the  vertical 
except  that  no  amplifier  is  provided. 
Price  $29.95. 


THE  tirat  compact  30-STEP  ATTENUATOR 
ever  offered  at  a  fotr  cast . 


It  is  perfect  as  a 
mixer  and  a  mas¬ 
ter  gain  control 
for  low-level  mixing. 
The  new  Attenuator 
has  zero  insertion 
loss,  constant  imped¬ 
ance  both  in  and 
out  of  all  settings 
and  at  all  frequen¬ 
cies  within  the  de¬ 
sired  range,  and  the 
lowest  attainable 
noise  level. 


Time  Delay  Relays 

A  MOTOR-DRIVEN  time  delay  relay  using 
differential  gearing,  and  designed  for 
110  and  220  volts  a.c.  operation,  ha.s 


30  Steps  of  .attenuation.  Zero  Insertion  loss. 

Laminated  poritive  wiping  tvpe  switch.  Frequenc}-  error:  None  over  the  range  of 
Low  noise  level.  Below  — 130  Db.  to  17.000  Cps. 

Shielded  from  electrical  disturbances.  Resistors,  unifliar  wound.  Price  $17.50. 

Ruzzed — llzht  welzht. 

Size  0013^2%"  diameter  by  8  1/16"  In  depth.  Writs  tor  BulUtin  534 

THE  FOLLOWING  IMPEDANCES  STOCKED  FOR  IMMEDIATE  SHIPMENT: 

30/30  I2S/I2S  250  250  500  200  30  50 

50/50  200  200  500  500  600  600  50  200 


Special  ImpsJanees  and  Attenuation  Upon  Request 


THE  DAVEN  CO..  158  Summit  St.,  Newark,  N.  J 


Manufacturers  of. 


Lins  Equalizm 
Att.nHation  Boxn 
Multi  alien 
Super  Davohmt 
Laboratory  Equipment 


Sinple  II  Dual 
PotentioBiaten 
Spacial  Rotary  Switchea 
Filauiant  Rhaostata 
Mixar  Panala 


Variable  A  Fixed 
Attenuaton 
Faden 

Volume  Indieaton 
Output  Maten 


Spaech  Input  Control 
Apparatua 
Decade  Reaiatancea 
Reaiatancea 
Davohma 


The  physicist  looks  inside  the  electron  tube 

This  volume  from  the  International  Series  In  Physics  gives  you  a 
thorough  explanation  of  the  fundamental  physical  phenomena  BB 
involved  in  the  operation  of  electron  tubes. 


Just  published — iVeir  second  edition 


me  mysics 
of  Electron  Tubes 

by  L.  R.  ROLLER 


been  made  available  by  the  Ward  Leon¬ 
ard  Electric  Company,  Mount  Vernon, 
N.  Y.  Standard  units  are  available 
with  a  time  delay  of  from  35  seconds 
to  53  minutes.  Informe  tion  in  Bulle¬ 
tin  362. 


Research  Laboratory,  General  Electric  Company 
iSl  pages,  illustrated,  tS.OO 


HE  approach  of  this  book  is  from  the  viewpoint  of  the  physicist  looking  at  what 
takes  place  inside  the  tube  rather  than  the  circuits  in  which  the  tubes  operate 
or  the  applications  of  the  tubes.  It  discusses  recent  advances  in  this  field — brings 
together  much  material  hitherto  available  only  in  scattered  scientific  publications 

presents  a  survey  of  the  sub-  on-approval  examination  coupon 

ject  of  interest  to  engineers 
and  to  physicists  who  have  had 

no  special  training  in  elec-  ■  „  .  „ 

,  ■  Send  me  Koller’s  The  Physics  of  Electron  Tubes 

tronics.  J  ffyj.  iQ  days’  examination  on  approval.  In  10  days  I 

^  L  .  *  *  agree  to  pay  13.00  plus  a  few  cents  postage  and 

LiOVerS  such,  topics  os  •  delivery,  or  return  book  postpaid.  (We  pay  post- 

— electron  optics,  secondary-emission  S  age  on  orders  accompanied  by  remittance.) 
multipliers,  ignitrons,  positive-ion  ,  y^ame 

emission  S 

— the  theory  of  thermionic  emission  ■  Address . 

— thoriated  tungsten  cathodes  ■  City  and  State  . 

-secondary  emission  j  . 

—photoelectricity:  history.  Quantum 
Theory  of  photoelectric  emission, 
effect  of  gases,  time  lag,  etc. 

— photoconductivity 


Selector  Switches 

To  MEET  THE  DEMAND  for  a  wide  vari¬ 
ety  of  multiple  contact  switches  such 
as  are  used  in  modern  radio  receivers, 
Centralab,  900  East  Keefe  Avenue, 
Milwaukee,  Wis.,  has  recently  made 
selector  switches  available  in  knocked- 
down  form.  Standardized  parts  for 
the  Centralab  switch  kit  are  contained 
in  a  25-drawer  steel  cabinet.  The 
assortment  of  parts  included  is  suffi¬ 
cient  to  assemble  well  over  150,000 
different  switch  combinations,  it  is 
reported.  Bulletin  describing  the  switch 
parts  is  also  available. 


MrGRAW-HILL  BOOK  COMPANY,  INC. 
330  West  48d  Street,  New  York,  N.  Y. 


Company  . 

(Books  sent  on  approval  in  U.  S.  and  Canada  only) 
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nUMONT 

^  WORLD'S  ^ 

r-  I  IVI  EST 


condensers 


OIL  IMPREGNATE 
AND  SEALED 


SOUP  SEAL 

TIN  FOIL  ONLY 

WAUSUSn 

NO  AIR  POCKETS 

LAYER  OF  ALUMINUM 
VARNISH  FOR  MOISTURE 
PROTECTION 

TERMINAL 

^VACUUM  IMPREGNAHO  WRAPPER 


Check  these  Features: 

la  No  aluminum  foil.  (Wa  uta  tin 
foil  only,  for  parmanant,  lol- 
darad  connaction.) 

2  a  A  layar  of  aluminum  varnish. 
(This  kaaps  tha  condansar  mois- 
tura-proof.) 

3a  Impragnatad  wrappar.  (No  air 
pockats,  with  this  typa  of  con¬ 
struction,  to  causa  laakaga.) 

4a  *^•inch  wax  saalad  on  tha  adga. 
(This  makas  a  rigid  tarminal.) 

5a  Vacuum  impragnatad  and 
saalad. 

6a  Doubla  tuba  construction — (ona 
innar— ona  outar). 

7n  Small  in  siza. 

8a  Wa  do  not  usa  Chlorinatad 
Wa  as. 


9a 

10a 


Quality  at  all  costs. 
High  Breakdown  Tost. 


Used  by  U.  S.  Govarnmont 

The  Life  of  DUCO  Condensers 
is  remarkably  long,  due  to  the 
process  of  manufacture,  and 
ihe  thorough  testing  of  all  raw 
materials  entering  Into  their 
manufacture. 


Manufactured  by 

DUMONT 

i  ELECTRIC  COMPART 

I  DEP-T  E 

‘  514-516  BROADWAY 

60-62-64-66  CROSBY  ST. 

NEW  YORK.  N.  Y. 

I  WRITE  POK  FREE  CATALOG,  DEF’T  E. 


High  Frequency  Condensers 

A  NEW  SERIES  of  ultra  high  frequency 
variable  condensers,  includinj;  single 
and  double  unit  models  is  being  manu¬ 
factured  by  the  Hammarlund  Manu¬ 
facturing  Company,  New  York  City. 
Single  unit  models  are  available  in 
sizes  from  15  micromicrofarads  to  140 
micromicrofarads.  The  double  unit 
condensers  are  available  from  30  to 
140  mmf. 


Eleelrttstalie  R.  F.  V  oltmeter 

Electrostatic  voltmeters  for  fre¬ 
quencies  up  to  1500  kc.  which  are  in¬ 
dependent  of  temperature,  frequency 
and  wave  form  errors  is  available  from 
Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  City.  The  instru¬ 
ments  are  fitted  with  a  self-contained 
over-voltage  protection  device  and 
meters  having  a  range  of  3500  volts  or 
less  can  be  used  directly  either  on  a.c. 
or  d.c. 


Transmitting  Triode 

The  RCA  Manufacturing  Company, 
Harrison,  N.  J.,  has  made  available 
through  their  transmitting  tube  dis¬ 
tributors  a  new  air-cooled  transmitting 
triode  designated  as  the  RCA-806.  The 
806  is  a  three-element  transmitting 
tube  for  use  as  a  radio  frequency  am¬ 
plifier,  oscillator,  and  class  B  audio 
frequency  amplifier.  High  insulation 
and  low  interelectrode  capacities  are 
assured  by  bringing  the  plate  connec¬ 
tion  through  a  separate  seal  at  the  top 
of  the  bulb  and  the  grid  connection 
through  a  seal  at  the  lower  part  of 
the  bulb  near  the  filament  base.  The 
806  may  be  operated  at  maximum  rat¬ 
ing  of  frequencies  as  high  as  30  mega¬ 
cycles.  The  maximum  plate  dissipation 
is  150  watts  for  class  C  telegraph  and 
class  B  services.  At  100  megacycles 
the  rated  plate  voltage  and  plate  input 
is  50  per  cent,  of  the  maximum  value 
obtainable  at  frequencies  of  30  mega¬ 
cycles  or  lower. 


Output  Attenuators 

An  output  level  control  for  power  am¬ 
plifiers  dissipating  25  watts  continu¬ 
ously,  having  a  minimum  insertion  loss 
of  1.3  db.  and  available  in  impedances 
of  8,  15,  50,  200,  250  and  500  ohms,  is 
now  being  made  by  the  Clarostat  Manu¬ 
facturing  Company,  285  North  Sixth 
Street,  Brooklyn,  N.  Y.  The  attenua¬ 
tion  of  the  CIA  output  attenuator  is 
linear  up  to  45  db.  in  fifteen  steps  of 
3  db.  each  with  an  end  position  of  in¬ 
finite  attenuation.  The  impedance  from 
the  load  end  is  approximately  three 
times  the  line  value. 


TYPE  3054  GAMMATRON 

(AIR-COOLfO) 

FCC  ratings  for  broadcast  use, 
2500  watts  high-level  modulation, 
500  watts  low-level  modulation 

Plate  voltage,  3000  voKs 
Plate  dissipation  1500  watts 

Let  us  reduce  your  operating  costs! 


PfKed  net,  fob  South  Son  Froncisco.  Col'lomio 

KM  AOOOtONAL  INFORMATtON  WIITf  TO 


RadioCarb  a 


■j  Carbonized  nickel  ribbon  for  plates.  All 
widths  up  to  6  ',  and  from  .002  to  .015" 
thick. 

H  Surface  of  uniform  maximum  blackness. 
Free  from  loose  carbon,  slivers,  waves, 
seams,  rough  edges,  oU  and  grease. 

I  In  this,  as  with  other  William  B.  Driver 
Radio-Tube  Materials,  customer's  specifi- 
cotions  are  rigidly  observed. 


WILBUR  B.  DRIVER  CO. 

/o.mcrl,  GILBY  WIRE  COMPANY 

NEWARK,  NEW  JERSEY 
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Pickups 

Two  NEW  PICKUPS  models  AA-74  and 
AA-76  have  been  announced  by  the 
Audak  Company,  500  Fifth  Avenue, 
New  York.  Frequency  response  above 
300  cycles  is  substantially  flat;  below 
300  cycles  the  response  increases  gradu¬ 
ally  to  plus  10  db.  at  70  cycles  in  order 
to  compensate  for  the  attenuation  in 
recording  at  the  low  end.  List  prices 
are  $55  and  $75  respectively. 


For  a  quarter  of  a  century,  it  has  been  our  unique  task  to 
furnish  light-gauge  strip  to  the  electrical,  radio,  and  allied 
industries  on  this  continent  and  abroad. 

We  specialize  in  the  production  of  strip  lighter  than  .020", 
and  nothing  else.  This  concentration  makes  for  an  unusual 
flexibility  in  furnishing  metals  of  the  exact  size  and  temper 
for  a  particular  job,  and  the  consequent  economy  of  having 
our  entire  production  geared  to  these  special  sizes. 

Whatever  your  strip  metal  needs— nickel.  Monel,  nickel 
alloys,  copper,  brass  or  copper  alloys,  you  will  find  our  wide 
acquaintance  with  these  metals  and  our  specialized  produc¬ 
tion  means  faster  delivery,  better  service,  satisfactory  prices. 

SOMERS  BRASS  COMPANY,  Inc. 

350  Madison  Avenue  New  York  City 

Mill  at  Woferbury,  Conn. 


SOUND  RECORDING  EQUIPMENT 


Designed  to  meet  the  most  exacting  pro¬ 
fessional  requirements — sturdy  construc¬ 
tion — simple  in  operation — priced  within 
the  range  of  every  potential  user. 

WRITE  FOR  COMPLETE  DESCRIPTIVE 
LITERATURE  AND  PRICE 
AUo  manufacturerg  of  the  famoug 
CLEEN-CUT  blankg  for  iiutantaneoug 
recording,  literature  and  price  ligt  gent 
upon  requegt. 


Allied  Recording  Prodneta  Co. 

126  West  46th  8t.,  New  York.  N.  Y. 
Cmblm  Address:  AUrecord 


Atailahle  algo  WITHOUT 
RECORDER  for  gtraight 
trangcription  playback. 


WAXES  •  COMPOUNDS  •  VARNISHES 
for  ELECTRICAL  INSULATION 

Zophar  offers  prompt  service  on  Insulating  Compounds  for 
e  wide  variety  of  electrical  applications,  including; 

.  .  .  insulation  for  CONDENSERS.  TRANSFORMERS,  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 

Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 

ZOPHAR  MILLS  INC. 

130-26th  St.  Brooklyn,  N.  Y. 

FOUNDED  184$ 


Steel  Cabinets 

A  LINE  OF  black  crystalline  finish  steel 
cabinets,  supplied  in  knocked-down 
form  for  easy  assembly  by  amateurs, 
experimenters  and  service  men,  has 
been  brought  out  by  the  Insuline  Cor¬ 
poration  of  America,  25  Park  Place, 
New  York  City.  Seven  sizes  are  avail¬ 
able.  Cadmium  plated  steel  chassis  to 
fit  inside  the  cabinet  are  also  available. 


Battery  Charging  Rectifier 

With  the  announcement  of  a  mer¬ 
cury  vapor  batter>’  charging  bulb,  type 
2-RA-6  the  Continental  Electric  Com¬ 
pany,  Geneva,  Ill.  enters  the  field  of 
commercial  rectifiers.  Filament  con¬ 
sumption  of  the  2-RA-6  is  13  amp.  at  2 
volts.  The  output  of  the  rectifier  is 
rated  at  6  amp.  and  the  peak  input 
voltage  is  300  volts.  The  use  of  mer¬ 
cury  vapor  results  in  a  low  voltage 
drop  across  the  tube.  The  tube  is  listed 
at  $6. 


Relays 

A  SERIES  of  small  a.c.  and  d.c.  relays  is 
announced  by  the  Gaardian  Electric 
Manufacturing  Company,  1625  West 
Walnut  Street,  Chicago,  Ill.  and  are 
described  in  a  technical  bulletin  is¬ 
sued  by  this  company.  The  series  110 
relays  are  suitable  for  a.c.  operation 
and  consume  approximately  2  watts. 
The  series  115  relays  consume  3  watts 
and  operate  at  110  volts. 


Voltage  Regulator 

A  SERIES  OF  VOLTAGE  regulators  hav¬ 
ing  no  moving  parts,  with  a  high  de¬ 
gree  of  accuracy,  and  unaffected  by 
wave  form  distortion,  have  been  an¬ 
nounced  by  the  Roller-Smith  Company. 
233  Broadway,  New  York.  Units  rated 
at  25,  5,  and  75  kva.  are  available. 
The  output  voltage  is  independent  of 
the  load  applied  to  the  unit  for  load 
voltages  between  107  and  123  volts. 
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ENTIRELY /Lin  design 
PERFORMANCE  •  BEAUTY 


The  zephyr  marka  another  milostono 
in  pickup  proqroaa.  It  brings  you 
baaically  now  improTomonts  oi  far- 
reaching  aignificonco  in  oloctric  pickup 
deaign.  ExciuaJro  "noodlo-tilt"  Balanc¬ 
ed-Tracking  roducoa  record  wear  .  .  . 
increaaea  record  life.  Improeed  wide- 
range  frequency  choracteriatic  and 
better  tronaient  reaponae  give  you 
higher  fidelity  .  .  .  more  life-like  repro¬ 
duction.  "High-Lift"  atreomlined  arm 
allowa  plenty  of  room  for  eoay  coneen- 
ient  needle  chonging.  Ploya  10  and  12 
inch  recorda.  Fumiahed  with  3Vk  ft 
ahielded  cord,  mounting  inatructiona. 

U»*  Price . $12 

Order  a  ZEPHYR  now  I  Let  your  own 
teata  prore  how  much  better  a  Shure 
Zephyr  really  ia. 

For  complete  technical  data,  write  for 
Bulletin  205M  today. 


[Discriminating  englneera  ore  con- 
^  aiatently  chooaing  Shure  "Ultra" 
lor  a  wide  Toriety  oi  microphone 
opplicotiona.  Adeonced  engineering 
ieoturea,  acientific  laboratory  control, 
ond  proTod  performance  in  the  field 
iaaure  high  quality  reproduction  and 
dependable  aerrice,  Shure  "ULTRA" 
Wldt  Range  microphonea  ore  orailoble 
In  SwieeL  Grille-Type  and  Spherical 
Btodtla.  Liat  Price  . $25 

Crmtal  Devices  are  licensed  under 

of  the  Brush  Development  Company, 
shure  patents  pending. 


SHURE  MICROPHONES 

I' •  R  0  T  H  I  a  •  •  MtCROPNQNi  NiAOQUftRTfRI 

WEST  HURON  STREET  •  CHICAGO.  USA 


Literature 


♦  New  Tube  Developments.  The  new 
issue  of  the  Radiotron  receiving  tube  I 
manual,  Technical  Series  RC-13,  has  | 
just  made  its  appearance.  Besides 
bringing  within  two  covers  the  essen¬ 
tial  technical  information  on  all  RCA 
radio  receiving  tubes,  the  new  edition 
contains  a  considerable  amount  of  gen¬ 
eral  technical  data  on  tube  principles, 
installation  of  tubes  in  receivers, 
methods  of  measuring  tube  character¬ 
istics  and  parameters,  tube  applica¬ 
tions,  typical  receiving  circuits,  and  a 
reading  list  for  further  study.  A  new 
feature  of  this  edition  is  a  5-page  chart 
giving  the  gains  of  various  triode  and 
pentode  single  stage  amplifiers  for  suit¬ 
able  values  of  coupling  resistors  and 
condensers.  The  circuit  constants  for 
this  chart  are  so  chosen  as  to  result  in 
a  resistance  coupled  amplifier  having 
good  frequency  characteristics.  The 
manual  is  obtainable  from  the  Com¬ 
mercial  Engineering  Department,  RCA 
Radiotron  Division,  RCA  Manufactur¬ 
ing  Company,  Harrison,  N.  J.  at  twenty- 
five  cents  per  copy. 

The  third  edition  of  Sylvania’s  Tech¬ 
nical  Manual,  giving  characteristics 
and  important  technical  information  on 
their  receiving  tubes,  typical  receiver 
circuits,  and  interchangeable  tube 
chart,  bias  resistor  charts,  and  general 
technical  information  has  recently  been 
published  by  the  Hygrade  Sylvania 
Corporation,  Emporium,  Pa.  Copies  of 
this  182-page  pocket  manual  of  techni¬ 
cal  information  may  be  obtained  for 
fifteen  cents. 

A  16-page  bulletin  of  technical  and 
I  descriptive  data  on  the  G-E  light  sen¬ 
sitive  cell  is  obtainable  from  the  Gen¬ 
eral  Electric  Company,  Schenectady, 
N.  Y.,  by  asking  for  Bulletin  GEA- 
2467.  The  essential  element  in  the 
General  Electric  light  sensitive  cell  con¬ 
sists  of  a  layer  of  selenium  deposited 
I  on  the  surface  of  a  steel  plate.  Over 
:  this  layer  of  selenium,  two  transparent 
:  layers  of  material  are  deposited  and 
these  make  up  the  negative  terminal 
I  of  the  cell.  The  technical  information 
I  presented  in  this  bulletin  contains 
I  charts  showing  the  output  current  as  a 
I  function  of  external  resistance,  tem- 
j  perature,  and  illumination.  Data  is 
also  given  on  the  fatigue  of  this  cell 
for  different  conditions  of  operation,  the 
frequency  response  curve,  and  the  in¬ 
ternal  resistance  of  the  cell. 

Information  bulletin  No.  8,  bearing 
the  date  of  January  1937  describes 
Westinghouse  phototubes.  The  bulletin 
contains  a  list  of  twelve  types  of 
vacuum  and  gaseous  phototubes  manu¬ 
factured  by  the  Westinghouse  Lamp 
Division,  Westinghouse  Electric  &  Man¬ 
ufacturing  Company,  Bloomfield,  N.  J. 
The  sensitivity  of  the  tubes  varies 
from  0.75  to  125  microamperes  per 
lumen. 

Technical  bulletins  have  recently  been 


THE  NEW  SUPER-PRO'* 

A  SUCCESSFUL  radio  receiver 
intended  for  use  over  a  wide 
frequency  range  as  well  as  a 
wide  variety  of  services  must 
necessarily  possess  many  varied 
and  unusual  characteristics.  That 
the  new  “Super-Pro”  completely 
meets  these  exacting  requisites 
by  means  of  its  advanced  design 
and  extreme  flexibility — rather 
than  by  the  many  compromises 
resorted  to  so  frequently — is 
being  attested  to  daily  by  the 
many  ultra-critical  amateurs,  en¬ 
gineers  and  professional  opera¬ 
tors  now  using  the  new  “Supet- 
Pro.” 

Among  the  exclusive  features 
in  this  new  16  tube  “Super-Pro” 
are  the  accurately  calibrated 
panel  controls:  viz.  3  to  16  kc. 
continuously  variable  band-width 
control,  2500-0-2500  cycle  beat 
oscillator,  graduated  audio  and 
sensitivity  controls,  in  addition 
to  a  megacycle  and  kilocycle  tun¬ 
ing  dial  accurate  to  within  V2%« 
and  a  special  band  spread  dial. 
The  tuning  unit  is  self-contained 
and  exceptionally  rugged.  Re¬ 
markably  noiseless  five-point  cam 
knife  switch  is  absolutely  trouble- 
free! 

The  fidelity  of  the  new  **Super-Pro**  it 
•o  faithful  and  the  tentitivity  to  great 
that  it  U  boing  used  by  newt,  recording 
and  broadcait  tlationt  for  recording  and 
re*broadcett  work. 

For  thote  who  require  additional  knife- 
like  telectivity  for  C.W.,  a  cryttal  model 
it  arailable,  which  when  properly  ad* 
lusted  alto  affordt  added  selectleity  for 
voice  and  other  modulated  tignalt. 

Regardlett  of  the  complexity  of  the 
heavy  duty  receiving  problem  you  have, 
the  **Super*Pro**  will  provide  the  retultt 
you  want.  Mail  coupon  for  complete 
delailt! 


Hammarlund  Mfg.  Co.,  Inc.  E-3 
424438  W.  33d.  St.,  New  York 

n  Pleate  tend  me  **Super*Pro**  bulletin. 
Q  Pleate  send  me  new  **37**  catalog. 

Name  . 

Address  . .  . . 

City .  State . 


HAIIIIIIA1M.IMII1S  rr*  Yi:Alf 
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REPRESENTS  A  FULLY 
CHARGED  BATTERY 
THAT  NEVER  RUNS  DOWN 


APAPTPfiAH 


ELECTRICAL  PRODUCTS  CO 


6531  Russell  Avenue  •  Detroit,  MichiLin 


received  from  the  Raytheon  Engineer¬ 
ing  Service  describing  the  6V6G  power 
amplifier  and  the  0Z4G  full  wave  gas- 
filled  rectifier.  With  plate  and  screen 
voltages  of  250  volts,  the  power  am¬ 
plifier  has  an  amplification  factor  of 
215,  a  plate  resistance  of  52,000  ohms 
and  a  mutual  conductance  of  4,100 
micromhos.  The  tube  is  provided  with 
a  7-prong  medium  octal  shell  base. 
The  maximum  rating  of  the  gas-filled 
rectifier  is  75  milliamperes  at  300 
volts,  and  the  tube  has  a  normal  volt¬ 
age  drop  of  24  volts.  The  0Z4G  was 
developed  primarily  for  use  in  vibrator 
type  B  supply  units  for  automobile  re¬ 
ceivers.  Further  information  from 
Raytheon  Production  Corporation,  New¬ 
ton,  Mass. 

Technical  bulletins  from  the  Hygrade 
Sylvania  Corporation,  Emporium,  Pa. 
are  available  describing  the  6A5G 
power  amplifier  and  the  6Y7G  class  B 
amplifier.  These  have  output  ratings 
of  3.75  and  8.0  watts  respectively. 


j^o%  1000 


Handier  than  Ever 


No%*  ai  handy  merhank-ally  a*  they  have  long 
been  eleclrically.  Adju»limounl  flanaes  permit  any 
mounting. 

In»tantly  adiutted  for  any  hole  sparing,  flat  or 
upright  mounting,  Aingly  or  ttarked.  * 

Thete  ultra-rompart  PBS  cardboard-ra«e  elertroly- 
tin  come  in  JOO  and  450  v.  ralingr,  popular 
caparitiet,  single,  double  and  triple  Kertiont. 


CompUtely 

Insulated 


Accurate 
Within  2% 


■f  Hammarlund  Catalog.  The  Hammar- 
lund  “37”  catalog  is  a  16-page  booklet 
listing  the  sizes  and  important  char¬ 
acteristics  of  variable  and  adjustable 
condensers,  chokes,  transformers,  coil 
forms,  and  similar  components.  A 
technical  description  of  the  new  “Super- 
Pro”  receiver  is  also  given.  Copies  of 
the  catalog  are  available  from  the 
Hammarlund  Manufacturing  Company, 
424  West  33rd  Street,  New  York  City. 


de»rribing  ihete  Ule»t  unilt  m*  ^e\\  ih^  romplet^  lin« 
of  cgparilor*.  Submil  your  problem*  and  requirement* 


Dealer  Price 


Pocket  Voit-Ohm- 
Milliammeter 

For  laboratory,  shop  or  field  use. 
Handy  pocket  size  yet  sturdy  and  pre¬ 
cision  built. 

Uses  Large  2"  Sq.  Triplett  Instrument 
A.  C.-D.  C.  Voltage  Scales  Read:  10- 
50-250-500-1000  at  1000  ohms  per 
volt. 

D.  C.  Milliampere  Scale  Reads:  l-IO- 
50-250. 

Ohms  Scales  Read:  Low  1/2-300;  High 
250,000. 

Black  Molded  Case  and  Panel. 

Size  3  1-16  X  SVt  x  2V». 

Low  Loss  Selector  Switch. 

Complete  with  Alligator  Clips,  Battery 
and  Test  Leads. 

DEALER  PRICE . $15.00 

A  CompUt*  Instrumant  for  all  torvicing 
naads.  Can  ba  usad  for  all  A.  C.-D.  C. 
voltaga,  currant  and  rasistanca  analysas. 
LEATHER  CARRYING  CASE  for  Modal  6A9, 
suppliad  aitra.  Daalar  Prica,  $3.00. 

Vary  attractiva.  Of  black,  haavy  laathar  with 
finitkad  adgat  and  strap. 

WRITE  FOR  CATALOG 


CORPORATION 


Gammatrons.  Characteristics  on  the 
complete  line  of  gammatron  tubes 
manufactured  by  Heintz  &  Kaufman, 
South  San  Francisco,  Calif.,  are  avail¬ 
able  in  a  loose-leaf  folder  of  engineer¬ 
ing  data  sheets  published  by  H.  &  K. 


EPCO 

STORAGE 

BATTERY 

ELIMINATOR 


•f  Compressed  Gas  Condensers.  Mechan¬ 
ical  and  electrical  specifications  for 
the  type  174  compressed  gas  condenser 
are  given  in  a  loose-leaf  technical  bulle¬ 
tin  published  by  Heintz  &  Kaufman, 
South  San  Francisco,  Calif.  The  type 
174  condensers  are  available  in  capaci¬ 
ties  of  250,  600,  1000,  and  1500  Mf.  The 
three  smaller  sizes  are  continuously 
variable,  the  largest  size  being  variable 
between  1200  and  1600  pf.  Through  the 
use  of  compressed  nitrogen  rather  than 
air  dielectrics  at  normal  atmospheric 
pressure,  the  physical  size  and  cost  of 
these  condensers  has  been  made  quite 
low.  In  all  of  the  units  the  limiting 
voltage  is  approximately  42,000  volts 
r.m.s.,  at  which  point  sparking  takes 
place  between  the  high  voltage  ter¬ 
minals  and  the  case.  All  of  the  models 
are  rated  to  have  a  maximum  current 
of  100  amp.  at  1000  kc.  or  50  amp.  at 
20  me.  Breakdown  at  higher  voltage 
may  be  obtained  through  the  use  of  a 
special  type  of  oil  immersed  lead-out 
insulator,  permitting  breakdown  volt¬ 
ages  of  as  much  as  80,000  volts  to  be 
obtained  in  certain  cases. 


Provld«i 

D.C.  from 
1 10  volt  A.C.  Sp«- 
"  cUily  dotiqnod  for 

toboratory  toits  and  for  damonttratlng  4 
volt  automoblla  radios,  tmtil  D.C.  motors, 
magnats,  solanolds,  signals,  ralays  and  simi¬ 
lar  apparatus.  Also  usad  as  an  afficiant 
battary  chargar. 

As  lllastratsdg  A  yrl  Modtl  B  4  r  yc 

ariable  Voltafs  I  U./Ols  volts — 5  anias.1*|./3 
List  Pries  I  W  |  FIxsd  Volta*.  I  W 


Suppllas  ractifiad  D.C.  for 
oparating  ralays,  solanolds 
and  ramota  controls.  Volt 
aga  rangas  from  4  to  24 
volts,  ratad  at  2  to  15  amps 
Oparatas  on  110  volt  A.C. 


The  Triplett  Electricssl  Inatrnment  Co. 
SS2  Harmon  Dr.,  Blnffton,  Ohio 
Without  obliration  plesuie  send  me 

-  More  information  on  Model  666. 

—  I  am  also  Interested  In . 


Operates  A.C.  radios  In  D.C.  districts  and 
no  volt  A.C.  radios  In  autos  and  trallars. 
Writa  for  furthar  dascriptiva  lltaratura. 


Name 
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4^  Midget  Cathode  Ray  Oscillograph. 
The  model  105  cathode  ray  oscillograph 
which  has  been  recently  announced  by 
the  Clough-Brengle  Company,  of  2815 
West  19th  Street,  Chicago,  makes  use 
of  the  new  913  cathode  ray  tube  with 
one-inch  screen.  Except  for  physical 
size  and  screen  area,  this  instrument 
is  identical  to  their  larger  oscillograph, 
model  CRA.  Built  in  linear  sweeps, 
high  sensitivity  amplifier  for  both  hor¬ 
izontal  and  vertical  input  and  beam 
centering  controls  on  the  front  panels 
are  features  of  this  instrument. 

♦  Inter-office  Phones.  Bulletins  on 
microphones,  private  inter-communica¬ 
tion  systems,  and  factory  or  office  inter¬ 
communication  systems  are  available 
from  the  Miles  Reproducer  Company, 
112  West  14th  Street,  New  York  City. 

♦  Thermal  Overload  Switch.  A  new 
thermal  overload  switch  for  fractional 
horsepower  motors,  operating  on  line 
currents  and  arranged  for  mounting 
on  the  conduit  or  terminal  box  of  the 
motor  has  been  placed  on  the  market 
by  the  General  Electric  Company, 
Schenectady,  N.  Y. 

♦  Meters.  A  folder  listing  Hoyt  meters 
for  radio  amateurs  and  service  men  is 
available  from  the  Burton-Rogers  Com¬ 
pany,  755  Boylston  Street,  Boston, 
Mass. 


♦  Plate  Transformers.  The  Hilet  Engi¬ 
neering  Company,  West  Orange,  N.  J. 
has  available  for  distribution  a  folder 
describing  plate  transformers  of  2J  kva. 
rating,  having  secondary  voltages  from 
1300  to  3400  volts. 

♦  Recording.  Published  by  the  Radio¬ 
tone  Recording  Equipment  Company, 
6103  Melrose  Avenue,  Hollywood,  Calif., 
a  booklet  entitled  “The  Mechanics  of 
Instantaneous  Acetate  Recording” 
gives  an  interesting  exposition  of  the 
method  of  preparing  acetate  records. 

♦  Raidio  Test  Manual.  Complimentary 
copies  of  manual  A  covering  tube  and 
radio  tester  design  is  announced  by 
the  Supreme  Instrument  Company  of 
Greenwood,  Miss.  The  60-page  manual 
illustrates  and  describes  the  technical 
design  of  meters  and  circuits  employed 
in  the  present  line  of  Supreme  instru¬ 
ments. 

♦  Monel  Metal.  The  advantages  of 
mom  l  strip  as  well  as  technical  phys¬ 
ical  properties  concerning  the  aUoy 
are  given  in  a  folder  issued  by  the 
Somers  Brass  Company,  350  Madison 
Avenue,  New  York  City. 

♦RaHio  Encyclopedia.  A  radio  service 
encyclopedia  of  more  than  200  pages 
containing  a  wealth  of  information  for 
the  Service  man  is  available  at  $2.50 
per  copy  from  Mallory  distributors. 
Por  further  details  of  the  encyclo¬ 
pedia  see  the  book  review  section  of 
Elect  I  onics 


The  RADIOTONE  A-16 
Professional  RECORDER 


Thi«  Ik  Ihf"  f*- 
vorltf  mfxlerite- 
prirwi  nword^r. 
Dom  the  flneKt 
work  heoKU^e  It 
^  Ik  built  for  ex- 
^  letlne  eiistomeri. 


Radiotone  A-16  Studio  Recorder  waa  de¬ 
veloped  and  is  manufactured  for  Motion 
Picture  Studios.  Broadcasting  Stations 
and  Recording  Laboratories.  The  stand¬ 
ards  are  high,  but  Radiotone  meets  them 
all.  For  detailed  information  write  to 
Radiotone  Recording  Co..  6103  Mekose 
Ave.,  Hollywood.  Cal.  Ask  for  our  new 
Catalog  of  Recording  Equipment  and 
Supplies. 


RADIOTONE 

PROFESSIONAL 

RECORDERS 


LEACH  (LR)  relays 


POSITIVE 

PROTECTION 


For  Your  Power  Tubes.  These  light 
duty  overload  trip  relays  have  a  wide 
field  of  use  as  safety  devices  on  elec¬ 
tronic  apparatus.  Operation  is  un¬ 
usually  dependable.  Scores  of  nation¬ 
ally  known  concerns  rely  on  Leach 
Relays  for  protection. 


Leach  Relay  Company 

5915  Avalon  Boulevard, 

Los  Angeles,  Calif. 


SEND 
COUPON 


>UPON 

0... 


v»** 


Let  this  book  solve  your  problems 
in  communication  networks  engineering 


by  W.  L.  Everitt 

Professor  of  Electrical  Engineering,  The  Ohio  State  University 

727  pages,  illustrated,  $5.00 


In  the  second  edition  of  this  widely  known  book  every  chapter  has  been  enlarged  with  iiew 
material  which  Is  of  Importance  to  the  radio  and  telephone  engineer.  Every  aspect  of 
unilateral  and  bilateral  networks  Is  carefully  explained ;  and.  In  each  case,  the  author 
presents  what  he  terms  the  •‘machine  tools”  of  network  theory — theorems  which  apply 
fundamental  similarities  of  simple  networks  to  new  complicated  structures. 


Just  published — New  second  edition 


Communication 

Engineering 


New  material  includes: 

■ — a  new  chapter  on  equalizers, 
('an  be  applied  to  numerous 
problems  of  network  synthesis. 

— the  chapter  on  electromechanical 
coupling.  Entirely  rewritten  to 
sIkiw  the  use  of  mechanical  im¬ 
pedance  methods  of  analyzing 
vibrating  systems. 

— material,  not  previously  pre- 
-sented,  on  the  treatment  of 
Class  R  and  Class  C  anipliflers. 

— computation  of  antenna  arrays 
and  the  propagation  of  waves 
over  an  earth  of  known  con¬ 
ductivity. 


SEND  THIS  ON-APPROVAL  EXAMINATION  COUPON 


.Mc(iK.4W-HILL  BOOK  COMPANY,  INC.  ! 

380  West  4‘id  Htreet,  New  York,  N.  Y.  ■ 

Send  me  Everltt’s  Communication  Engineering  for  • 
10  days'  examination,  on  approval.  In  10  days  I  I 
agree  to  pay  05.00  plus  a  few  cents  postage  and  ■ 
delivery,  or  return  book  postpaid.  (We  pay  postage  S 
on  orders  accompanied  by  remittance.)  ■ 

Name .  a 

Address .  J 

City  and  State  .  J 

Position .  J 

Company .  • 

(Books  sent  on  a(iprovai  in  U.  S.  and  Canada  only.)  ■ 
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YOIR  RESISTANCE  PROBLEM 

V\ VWvVvWvWV^VvVWv  VWvAA 


with  this  NEW 

CONSTANT-IMPEDANCE 

Output 

Attenuator 


Just  ths  thing  to  control  on*  or  soToral 
public-address  system  speakers.  CLABO- 
STAT  Series  CIA  Attenuator  does  the  Tery 
Job  you  hare  alwoys  wanted  to  do — con¬ 
trolling  speakers  direct  indiriduolly.  critio- 
olly. 

Chech  these  features  ... 


Handles  up  to  25  watts,  continu¬ 
ously.  solely,  at  any  setting. 

linear  up  to  45  decibels,  in  steps 
oi  3  decibels. 

Compensoted  lodder  type  network 
maintains  constant  input  and  output 
impedances. 

Infinite  attenuation  at  end  position. 

Only  KVa"  long  by  314"  dio.  Single¬ 
hole  mounting.  Optional  power 
switch  for  speaker  field. 


Send  for  DATA  ... 

Belletie  No.  11.  lest  itseed,  covert  this 
iRterettieg  ceatrel  ia  detail.  Meanwhile, 
do  net  hesitate  to  place  yonr  control 
and  resistance  problem  before  enr 

engineers. 


f  I,  A  IK  OSTAT 

^  I  S’  \  <  T  I  II  I  \  I  l». 

'■  2H.»  >«irlli  Sixlli  SI. 

IKr<»i»lvl>  11.  ^  . 


Adjudicated  Patents 

2,022,514,  W.  A.  MacDonald,  Wave 
signaling  system,  filed  May  18,  1936,  D. 

C. ,  N.  D.  Ill.,  E.  Div.,  Doc.  15202,  Ha- 
zeltine  Corp.  v.  Zenith  Radio  Corp. 

7,763,380,  C.  E.  Trube,  Electric  coup¬ 
ling  system,  filed  May  18,  1936,  D.  C., 
N.  D.  Ill.,  E.  Div.,  Doc.  15203,  Hazel- 
tine  Corp.  V.  Zenith  Radio  Corp. 

1,570,297,  F.  L.  Dyer,  Art  of  record¬ 
ing  and  reproducing  sounds;  1,628,658, 
same.  Talking  machine  record;  1,726,- 
546,  same.  Apparatus  for  making  phon¬ 
ograph  records;  1,783,498,  same.  Meth¬ 
od  of  making  phonograph  records,  ap¬ 
peal  filed  Jan.  28,  1936,  C.  C.  A.,  3d  Cir., 
Doc.  6044,  F.  L.  Dyer  v.  Sound  Studios 
of  N.  Y.,  Inc. 

1,448,279,  Pridham  &  Jensen,  Elec¬ 
trodynamic  receiver,  filed  May  25,  1936, 

D.  C.,  N.  D.  Ill.,  E.  Div.,  Dec.  15216, 
The  Magnavox  Co.  v.  The  Webster  Co.; 
also  1,448,279,  Doc.  15217. 

1,573,374,  P.  A.  Chamberlain,  Radio 
condenser;  1,707,617,  1,795,214,  E.  W. 
Kellogg,  Sound  reproducing  apparatus; 
1,728,879,  Rice  &  Kellogg,  Amplifying 
system;  1,894,197,  same,  Sound  repro¬ 
ducing  apparatus,  filed  May  29,  1936, 
D.  C.,  N.  D.  Ill.,  E.  Div.,  Doc.  15221,  R. 
C.  A.  et  al.  v.  Ultramar  Mfg.  Corp. 
et  aJ.. 

1,403,475,  H.  D.  Arnold;  1,403,932, 
R.  H.  Wilson;  1,447,773,  Espenschied  & 
Brown;  1,507,016,  L.  de  Forest;  1,507,- 
017,  same;  1,531,805,  R.  C.  Mathes; 
1,596,198,  S.  Loewe;  1,618,017,  F.  Low- 
enstein;  1,869,323,  P.  H.  Evans;  1,936,- 
162,  R.  A.  Heising;  Re.  18,579,  Ballan- 
tine  &  Hull,  filed  May  29,  1936,  D.  C., 
N.  D.  Ill.,  E.  Div.,  Doc.  15,220,  R.  C.  A. 
et  al  V.  Ultramar  Mfg.  Corp.  et  al. 

1,710,073,  1,714,191,  S.  Ruben,  Elec¬ 
trical  condenser,  D.  C.,  N.  D.  Ohio,  E. 
Div.,  Doc.  5002,  Ruben  Condenser  Co. 
et  al  V.  Curtis  Condenser  Corp.  Dis¬ 
missed  without  prejudice  May  6,  1936. 

1,297,188,  I.  Langmuir;  1,573,374,  P. 
A.  Chamberlain;  1,728,879,  Rice  &  Kel¬ 
logg,  D.  C.,  S.  D.  Calif.  (Los  Angeles), 
Doc.  E  831-S,  R.  C.  A.  et  oi  v.  A.  Sex¬ 
ton.  Decree  pro  confesso  June  12,  1936. 

1,403,475,  H.  D.  Arnold;  1,403,932,  R. 

H.  Wilson;  1,507,016,  L.  de  Forest; 

I, 507,017,  same;  1,618,017,  F.  Lowen- 
stein;  1,702,833,  W.  S.  Lemmon;  1,811,- 
095,  H.  J.  Round;  Re.  18,579,  Ballan 
tine  &  Hull,  D.  C.,  S.  D.  Calif.  (Los  An¬ 
geles),  Doc.  E  465-J,  R.  C.  A.  et  al  v 

H.  C.  Block  (Custom  Built  Radio  Mfg. 
Co.).  Decree  pro  confesso  June  12, 
1936.  Doc.  E  832-S,  Radio  Corp.  of 
America  et  al.  v.  A.  Sexton.  Decree  as 
above. 

1,881,324,  H.  E.  Metcalf,  Signal  re¬ 
producer,  filed  June  2,  1936,  D.  C.,  N.  D. 
Ill.,  E.  Div.,  Doc.  15,226,  The  Magnavox 
Co.  V.  The  Webster  Co. 

1,573,374  (a),  P.  A.  Chamberlain; 

I, 707,617,  1,795,214,  E.  W.  Kellogg; 
1,894,197,  Rice  &  Kellogg;  1,728,879, 
same,  D.  C.,  S.  D.  Calif.  (Los  Angeles), 
Doc.  E  891-Y,  R.  C.  A.  et  al  v.  M.  de 


Professional 

Services 


BLILEY  ELECTRIC  CO. 

Detiffners — Uanufacturert 

Quarti  Cryitala  for  atandard  or  apeclal 
radio  frequancy  appUcatlona. 
Inquiiiea  Invited. 

240  Union  Station  Bldg- 
Brie,  Penna. 


The  Solution  of 
Your  Problem 


in  the  field  of  Electronic  devices 
may  be  found  through  enlisting  the 
services  of  the  Consultants  whose 
cards  appear  on  this  page. 

This  is  a  highly  specialized  field 
and  specialists  are  therefore  better 
able  to  undertake  the  rapid  devel¬ 
opments  necessary  to  keep  in  step 
with  modern  manufacturing 
progress. 


72 


March  i937  — ELECTRONICS 


A  Famous  Nam* 
Goes  On  The  Air 

Bendix  R  ADIO  Cor¬ 
poration  offers  con¬ 
solidated  research, 
ent^ineerinf;  and 
manufactnrinK  facil¬ 
ities  of  four  widely 
recognized  radio 
equipment  manu¬ 
facturers  ...  in  the 
design  and  construc¬ 
tion  of  commerical, 
naval  and  military 
radio  equipment. 


RADIO  CORP. 

9th  and  Kearny  Streets  N.  E 
WASHINGTON,  D.  C 


TMf-:  1).  CARnWKLL 

M  AN  r  KA(  Tl : K I N ( ;  C ( ) i<  1  >( )R ATI  ( )N 

»9  I'KOSl'tCT  STREET.  UM«>OKLYN.  N  EW  YORK 


(Iroot  et  al.  Decree  for  ])IaintiiT.s  June 
26,  1936.  Same,  D.  C.,  N.  D.  Ill.,  E. 
Div.,  Doe.  15091,  R.  C.  A.  et  al.  v.  B. 
Olshansky  et  al.  Doc.  15093,  R.  C.  A. 
et  al.  V.  Banner  Tire  Co.  et  aX.  Doc. 
15221,  R.  C.  A.  et  al.  v.  Ultramar  Mfg. 
Corp.  et  al.  Consent  decree,  finding 
patents  valid  and  infringed,  injunction 
granted  Apr.  13,  1936,  in  each  of  above 
cases. 

1,614,136,  M.  C,  Latour,  Thermionic 
amplifier  apparatus,  filed  May  19,  1936, 
D.  C.,  N.  D.  Ill.,  E.  Div.,  Doc.  15206, 
Latour  Corp.  v.  Zenith  Radio  Corp. 

2,007,253,  \V.  A.  MacDonald,  Wave 
.signaling  sv.^tem,  filed  May  18,  1936,  D. 

C. ,  N.  D.  111.,  E.  Div.,  Doc.  15204, 
Hazeltinc  Corp.  v.  Zenith  Radio  Corp. 

(D.  C.  N.  Y.)  Georgiev  patent,  No. 
1,815,768,  for  electrolyte,  claims  8,  10. 
and  11  Held  valid  and  infringed.  Id. 

1,573,374,  P.  A.  Chamberlain,  Radio 
conden.ser;  1,707,617,  1,795,214,  E.  W. 
Kellogg,  Sound  reproducing  apparatus; 
1,728,879,  Rice  &  Kellogg,  Amplifying 
system;  1,894,197,  same,  Sound  repro¬ 
ducing  apparatus,  filed  July  22,  1936, 

D.  C.,  W.  D.  Wash.,  N.  D.,  Doc.  1150, 
RC.\  et  al.  v.  F.  V.  Buckley  {Buckley 
Radio  Co.). 

1,811,095,  R.  J.  Round;  Re.  18,579, 
Ballantine  &  Hull;  1,297,188,  I.  Lang¬ 
muir,  D.  C.  N.  J.,  Doc.  E5261,  RCA 
et  al.  v.  Atlas  Laboratories,  Inc.,  et  al. 
Decree  May  4,  1936. 

1,403,475  (6),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,618,017,  F.  Lowen- 
stein;  1,702,833,  W.  S.  Lemmon;  1,811,- 
095,  II.  J.  Round;  1,936,162,  R.  A. 
Heising;  Re.  18,579,  Ballantine  &  Hull, 
D.  C.,  N.  D.  Ill.,  E.  Div.,  Doc.  14982,  R. 
C.  A.  et  al.  v.  R.  D.  Rogers  et  al.  {Ad¬ 
ams  Radio  Laboratory).  Doc.  15092, 
R.  C.  A.  et  al.  v.  Banner  Tire  Co.  et  al. 
Doc.  15094,  R.  C.  A.  et  al.  v.  .4.  Smith 
ft  al.  {Better  Radio  Service).  Decree 
pro  confesso,  finding  patents  valid  and 
infringed,  injunction  granted  Mar.  18, 
1936,  in  each  of  above  cases. 

(D.  C.  N.  Y.)  De  Forest  patent, 
i  No.  1,507,016  and  No.  1,507,017,  Held 
infringed.  RC.A  v.  Andrea,  15  F. 
L  Supp.  685. 


com. 


CORE  TYPE 
HUM  BUCKING 
POWER  UNITS 


LOW  REGULATION  •  HIGH  EFFICIENCY 
LOW  CORE  and  COPPER  LOSSES 


Ferranti  Seli-Shielding  Audio  Units  plus  Ferranti  Hum  Free  Power  Trans¬ 
formers  are  now  available  at  low  cost  These  units  use  Ferranti  Core  Type 
Construction  without  external  field.  Mounted  in  completely  reversible  case. 
Send  for  complete  listing. 


FERRANTI  ELECTRIC,  INC 


TRiML  ihan.machim& 


Efficient  machines  can  be  acquired 
rather  easily  by  anyone  who  has  the 
money  to  purchase  equipment. 

But  on  the  other  hand,  intelligence  and 
experience  cannot  be  bought.  It  is  these 
.  .  .  plus  invention  and  the  love  oi  work 
.  .  .  combined  with  the  best  mechanical 
equipment . . .  that  have  made  CARDWELL 
a  constant  source  oi  supply  to  leaders  in 
the  industry.  (Not  only  lor  variable  con¬ 
densers  but  also  for  numerous  types  oi 
communication  equipment.) 

And  now,  these  same  CARDWELL  iacili- 
ties  are  offered  to  manufacturers  who  have 
production  problems  to  "farm  out". 

Write,  Phone  or  Wire  specifications  for 
convincing  estimates. 
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KULGRID  “C" 
STRAND 
High  Conductivity 


TUNGSTEN 


Tho  TUNGSTEN  in  Callito  Hard  Glass  Wolds  is  spocially  procossod  to  givo  a  compact  fibrous 
structuro,  fraa  from  longitudinal  cracks  and  is  contorloss  ground  to  oliminata  surfaco  imporfoctions. 
Tha  KULGRID  "C"  STRAND  has  nono  of  tha  objactionabla  faaturos  of  ragular  coppor  strand. 
Kulgrid  "C"  doos  not  oxidiza.  Tharafora,  no  oxida  flakas  off  to  daposit  in  tha  tuba  prats  at 
it  tno  caso  with  coppar  strand.  Kulgrid  "C"  it  floxibla  and  doat  not  bacoma  brittlo.  It  waldt 
mora  roadily  to  tungstan  than  ordinary  coppar  strand  and  forms  a  strong  joint. 

Pura  mofalt  of  bast  quality  ara  utad  for  any  third  componont  part. 


CALLITE  PRODUCTS  DIVISION 

lISltK  hi  H  IRK  lORPORA  1 1()\ 

544-  39th  STREET  UNION  CITY.  N.  J. 


A  New  Magnetic  Material  in  Powdered  Form 

For  Molding  I-F  Transformer  Cores  &  Shields 

PERMANITE 

Economical 

Good  Up  to  10  Megacycles  •  Lower  Eddy  Current  Loss 
Send  for  Technical  Data 

FOOTE  MliWERAL  ('O. 

1600  Summer  St.,  Philadelphia 


“BOY-THEY’REKEEN!” 

Keen  enough  to  cut  the 
best  instantaneous  re> 
cordings  on  acetate. 

“The  finest  cuttinji  needles 
we  have  ever  used.” — 
WKAR,  Lansinii,  Mich. 

“The  best  on  the  market.” — 
KMBC,  Kansas  City,  Mo. 

UNDERTONE  Inc. 

201  Verona  Ave.,  Newark,  N.  J. 


O^nal  cost  75c  ea.  Semd  for  a  week’s 
Replaced  lodenoitely  ^  , 

25c  ea.  *"Pl^y 


al.  V.  R.  D.  Rogers  et  al.  (Adams  Raslio 
Laboratory).  Decree  as  above. 

1,403,475  (a),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  de  For- 
est;  1,507,017,  same;  1,618,017,  F.  Low- 
enstein;  1,702,833,  W.  S.  Lemmon;  1,- 
811,095,  H.  J.  Round;  Re.  18,579,  Bal- 
lantine  &  Hull,  D.  C.,  S.  D.  Calif.  (Los 
Angeles),  Doc.  E  890-Y,  R.C.A.  et  al. 
V.  M.  de  Groot  et  al.  Decree  for  plain¬ 
tiff  June  26,  1936. 

1,901,735,  A.  Crossley,  Piezo  electric 
crystal  system;  1,627,958,  same.  Radio 
frequency  choke  coil  system;  1,572,773, 
same.  Piezo  electric  crystal  apparatus; 
1,831,151,  G.  P.  Walker,  Temperature 
control  system  for  frequency  deter¬ 
mining  elements;  1,649,828,  A.  Hund, 
Method  of  preparing  piezo  electric 
plates,  D.  C.,  S.  D.  Ohio  (DayTon),  Doc. 
E  358,  Wired  Radio,  Inc.,  v.  Radio  Sta¬ 
tion  WSMK,  Inc..  Dismissed  Sept.  28, 
1936. 

1,913,604,  W.  A.  MacDonald,  Wave 
signaling  system,  filed  Aug.  27,  1936, 
D.C.,  N.D.  Ill.,  E.Div.,  Doc.  15324. 
Hazehine  Corp.  v.  Zenith  Radio  Corp 

1,573,374.  P.  A.  Chamberlain;  1,707. 
617,  1,795,214,  E.  W.  Kellogg;  1,894, 
197,  Rice  &  Kellogg;  1,728,879,  same, 
filed  Sept.  16,  1936,  D.C.  Calif.  (San 
Francisco),  Doc.  E  4078-R,  R.C.A.  et 
al.  V.  L~  D.  Stark  (Federal  Radio  & 
Television  Co.). 

1,403,475,  H.  D.  Arnold;  1,403,932. 

R.  H.  Wilson;  1,507,016,  L.  de  Forest; 
1,507,017,  same;  1,811,095,  H.  J 
Round;  Re.  18,579,  Ballantine  &  Hull, 
filed  Sept.  16,  1936,  D.  C.,  N.  D.  Calif. 
(San  Francisco),  Doc.  E  4079-S,  R.C. 
A.  et  al.  V.  L.  D.  Stark  (Federal  Radio 
&  Television  Co.). 

1,251,377,  A.  W.  Hull;  1,297,188,  1. 
Langmuir;  1,573,374,  P.  A.  Chamlnr 
lain;  1,728,879,  Rice  &  Kellogg,  D. C., 

S.  D.  Calif.  (Los  Angeles),  Doc.  E 
464-H,  R.C.A.  et  al  v.  R.  S.  Shelhy 
et  al.  Decree  for  plaintiffs  Oct.  13, 
1936. 

1,403,475,  H.  D.  Arnold;  1,403,932 
R.  H.  Wilson;  1,507,016,  L.  de  Forest; 
1,507,017,  same;  1,618,017,  F.  Lowen 
stein;  1,702,833,  W.  S.  Lemmon;  1,811, 
095,  H.  J.  Round;  Re.  18,579,  Ballan 
tine  &  Hull,  D.  C.,  S.  D.  Calif,  (l^s 
Angeles),  Doc.  E  470-F.,  R.C.A.  et  al. 
V.  R.  S.  Shelley  et  al.  Decree  for  plaint 
iff  Oct.  13,  1936. 

1,329,283,  1,398,665,  H.  D.  Arnold; 
1,448,550,  same;  1,520,994,  same;  1, 
349,252,  same;  1,432,863,  K.  S.  John 
!  son;  1,442,439,  R.  C.  Mathes,  D.C. 

I  S.D.  N.Y.,  Doc.  E  50/175,  UV.v^tni 
‘  Electric  Co.,  Inc.,  et  al.  v.  General  Talk 
ing  Pictures  Corp.  Dismissed  as  to 
1,398,665,  1,432,863,  1,442,439  without 
prejudice  Jan.  26,  1934.  Dismissed  as 
to  1,349,252  and  1,520,994.  Decreo  for 
I  plaintiff  (notice  Oct.  28,  1936). 

i  1,507,016,  L.  de  Forest,  Radio  sig 
I  naling  system;  1,507,017,  same.  Wire 
less  telegraph  and  telephone  sy.-teni 
1  D.  C.,  E.  D.  N.  Y.,  Doc.  E  7624,  R.  C.A. 

'  et  al.  V.  F.  A.  Andrea  et  al.  Decree 
for  plaintiff  Oct.  26,  1936. 
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1,129,942,  H.  D.  Arnold,  Gaseous  re-  ' 
peater  in  circuits  of  low  impedance; 
1,403,475,  same,  Vacuum  tube  circuit;  ; 
1,465,332,  same.  Vacuum  tube  ampli¬ 
fier,  D.  C.,  S.  D.  N.  Y.,  Doc.  E  50/178;  i 
Western  Electric  Co.,  Inc.,  et  al.  v. 
General  Talking  Pictures  Corp.  De¬ 
cree  for  plaintiff  (notice  Oct.  28,  1936),  ■ 
1,231,764  (a),  F.  Lowenstein;  1,426,-  i 
754,  R.  C.  Mathes,  D.  C.,  S.  D.  N.  Y.,  ; 
Doc.  E  50/177,  Western  Electric  Co.,  ' 
Inc.,  et  al.  v.  General  Talking  Pictures 
Corp.  Decree  for  plaintiff  (notice  Oct. 
28,  1936). 

1,231,764  (6),  F.  Lowenstein;  1,618,- 
017,  same;  1,403,475,  H.  D.  Arnold; 
1,465,332,  same;  1,403,932,  R.  H.  Wil¬ 
son;  1,573,374,  P.  A.  Chamberlain;  1,- 
702,833,  W.  S.  Lemmon;  1,811,095,  H. 

.1.  Round;  Re.  18,579,  Ballantine  & 
Hull,  D.  C.,  S.  D.  N.  Y.,  Doc.  E  78  125, 
R.C.A.  et  al.  v.  Bel-Rad  Products  Co., 
Inc.,  et  al.  Decree  proconfesso  for 
plaintiff  (notice  Oct.  31,  1936). 

Patent  Suits 

1,829,899,  H.  N.  James,  Apparatus 
for  the  rectification  and  amplification 
of  sound  waves,  filed  Nov.  4,  1936,  D.  C., 
N.  D.  Ill.,  E.  Div.,  Doc.  15,387,  H.  N. 
James  et  al.  v.  Jensen  Radio  Mfg.  Co. 

1,573,374  (a),  P,  A.  Chamberlain; 
1,707,617,  1,795,214,  E.  W.  KelloRf!:;  : 

1,894,197,  Rice  &  KelloRK;  1,728,879,  : 

same,  filed  Dec.  4,  1936,  D.  C.,  S.  D. 
Calif.  (Los  Angeles),  Doc.  E  106.5-J, 
R.  C.  A.  et  al.  v.  B.  S.  Rothenstein 
(Pathe  Radio  &  Television  Co.). 

1,573,374  (b),  P.  A.  Chamberlain; 
1,707,617,  1,795,214,  E.  W.  Kellogg; 
1,894,197,  Rice  &  Kellogg;  1,728,879, 

same;  2,052,316,  R.  E.  Sagle,  variable 
condenser;  filed  Dec.  8  1936,  D.  C., 
E.D.  N.Y.,  Doc.  E  818.3,  R.C.A.  et  al. 

V.  Universal  Tube  Mfg.  Corp.  et  al.  . 

1,403,475,  H.  D.  Arnold;  1,403,932, 

R.  H.  Wilson;  1,507,016,  L.  de Forest; 
1,507,017,  same;  1,618,017,  F.  Lowen¬ 
stein;  1,9.36,162,  R.  A,  Heising;  Re. 
18,579,  Ballantine  &  Hull,  filed  Dec.  8, 
1936,  D.C.,  E.  D.N.Y.,  Doc.  E  8182, 
R.  C.  A.  et  al.  v.  Universal  Tube  Mfg. 
Corp.  et  al. 

1,975,932,  C.  M.  Fox,  Sound-receiv¬ 
ing  and  transmitting  system,  filed  Dec. 
5,  1936,  D.  C.,  N.  D.  Ohio,  W.  Div.,  Doc. 
E  1574,  A.  L.  McAfee  v.  The  Simplex 
Radio  Co.  et  al. 


m 


WILLORmfg.  corp. 

72  Spring  St.  New  York 


LAMINATIONS 
STANDARD  TYPES 
:^^SPECIAL  TYPES  MADE  TO  ORDER 
METAL  STAMPINDS— TOOLS— DIES 


STAMPINGS 


TYPE  P.I 
5  WAH 

(Actual  \ 
Sii.  I 


POWER  RESISTORS 

which  assure  high  quality  and 
accuracy  at  an  economical  price 

Tb«ae  unlta  enjoy  wide  acceptance  by  motor  manufacturers,  motor  serrlre 
men.  the  radio  aerrlce  field,  ampUflers.  etc.,  aa  well  as  by  P.  A  Equip¬ 
ment  manufactnren.  inexpetudre  meter  manufacturers,  etc.  They  can  be 
depended  on  for  aoeuracy  within  S%.  and  assure  blsh  qtullty  at  low  prlca. 
Arallable  In  6-10  and  SO-watt  aizes  with  maximum  realatances  of  30,000. 
60.000  and  100.000  ohma  reapectlrely.  Write  for  detalla  and  prices. 

CUSTOM-BUILT  WIRE  WOUND  RESISTORS 


W I R U^D sisTORS 


PRECISION  RESISTOR  CO.,  334  Badger  Ave.,  Newark,  N.  J. 


EMIL  R.  CAPITA 

designer  of  most  of  the 
High  Frequency  Convert¬ 
ers  now  used  for  Bombard¬ 
ing  in  the  radio  tube  in¬ 
dustry,  formed  the 


dustry,  formed  the  I  120  20  St.,  New  York  City 

_  I  Watkins  9-4454 

This  corporation,  comprised  of  a  personnel  with  long  experience  in  the  high  frequency 
field,  is  now  efficiently  set-up  to  supply  you  with  HIGH  FREQUENCY  CONVERTERS  for 
BOMBARDING  ell  types  of  thermionic  tube  elements. 

•  Hnafar  coils  wonnd  from  flat  coppor  tnbing  •  Wotor  coolod  Litx  eobio 

•  Tnngston  spark  gaps  •  Mica  condansars,  and  othar  rcplacamant  parts  for 
yonr  prasanf  bombarding  equipmant. 


VELOCITY 


‘^LECTR0-‘T)01CE 


MIC] 


i  (  O  'J  i  ( I 


SERIES 


The  all-feature  microphone.  Preferred 
by  discerning  Sound  and  Communica¬ 
tion  engineers  the  World  over.  Three 
models  from  $35.00  to  $75.00.  list 

ELECTRO-VOICE  MFG.  CO..  INC. 
334  E.  Colfax  Ave.SoithBeid,  lad. 

Export  Dep't  100  Vsrick  St.,  New  York 


"K"  SERIES 

Genuine  quality  brought 
to  the  low-price  field. 
Three  models  from 
$19.50  to  $29.50,  lUt 
Also  a  Static-Velocity 
model  at  $20.00.  list. 

WHITE  FOR 
CATALOGUE 
AND  FURTHER 
DETAILS 


CARBON 


Five  popular  car¬ 
bon  models  priced 
from  $5.00  to  $25.00. 
list  Complete  re¬ 
pair  service  on  all 
makes. 
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RCA  TEST  EQUIPMENT 

.  .  at  prices  every  service  engineer  can  afford 


This  new  Test  Equipment  offers  many  new  features.  Designed 
by  RCA  engineers  to  make  your  job  simpler,  faster  and  more 
precisely  efficient.  Ideal  for  visual  alignment,  vibrator  testing, 
checking  modulation,  distortion  and  all  other  general  oscil¬ 
lographic  applications. 

Check  the  features !  Consider  how  helpful  this  equipment 
can  be  to  you.  Then  get  it  and  put  it  to  work! 


FEATURES 


1  COMPLETE  oscillograph  using  new  RCA-913  Cathode 
Ray  Tube — ready  for  every  service  application. 

2  High  Sensitivity — 1.75  volts  (RMS)  for  full-scale  deflection. 

3  Vertical  and  horizontal  amplifiers — Individual  gain  con¬ 
trols — Flat  30-10,000  cycles. 

4  Linear  Timing  Axis— Range  30-10,000  cycles. 

5  Small  spot  diameter,  sharp  focus — Individual  centering 
controls  on  front  panel. 

6  Removable  light  shield— Excludes  room  light  and  gives  in¬ 
tense  image.  Calibration  screen  provided. 

7  A-C  operated— Input  power,  50  watts. 

8  Ruggedly  built— Snap-out  leather  handle— Symmetrical  ap¬ 
pearance  for  use  with  new  Test  Oscillator.  New  two-tone  gray, 
wrinkle  finish  with  highly  polished  nickel  silver  etched  panel. 


FEATURES 

1  Variable  electronic  sweep  (no  moving  parts)— 1  to  40  kcs. 
—at  any  R-F  or  I-F  frequency — Sweep  rate,  120  times  per  sec¬ 
ond— eliminates  screen  flicker— air  trimmers  for  all  bands. 

2  No  amplitude  modulation  with  frequency  modulation. 
Horizontal  sweep  frequency  linear  across  screen. 

3  Wide  frequency  range— 90  kcs.  to  32,000  kcs.— fundamen¬ 
tal  frequencies — 400  cycle  internal  modulation— JACK  FOR 
EXTERNAL  MODULATION. 

4  Large  direct  reading  dial— 4  inches  diameter — indirect  il¬ 
lumination-two  vernier  ratios,  2:1  and  5:1. 

5  High  r-f  output— 0.25  volts  at  all  frequencies — negligible 

leakage  —  three-step  attenuator  plus  contin¬ 
uously  variable  controL 


FOR  PROFIT 

RCA  Manufacturing  Co.,  Inc.,  Camden,  N.  J. 

A  Service  of  the  Radio  Corporation  of  America 


BIG  SAVI N  GS./m 


RADIO  MANUFACTURERS 

WHO  USE 

CRESCENT 
CORD  SETS 

WITH  PARTS 

READY  TO  INSTALL! 


There  IS  economy,  convenience  and  saiety  in 
buymq  your  cord  sets  already  assembled,  com¬ 
plete  with  switches,  sockets,  fittings,  etc. 

CRESCENT  COMPLETE  CORD  SETS  are 
making  big  savings  for  Radio  Manufacturers. 
We  specialize  in  this  work  Every  set  carefully 
tested  and  inspected  —  lOO%  perfect  cords 
guaranteed. 

Address  Department  E 

CStBpCElv-j, 

II 


INSUIATED  WIRE 


TRENTON.\ 


&  CABLE  CO.  lie 


/NEWJERStY 


AUTOMATIC 

ELECTRIC 


ELAYS 

A  WIDE  VARIETY  OF  TYPES 
FOR  EVERY  INDUSTRIAL  USE 


The  Automatic  Electric  line  of  relays  includes  quick 
and  delayed  action  types,  sensitive  and  heavy  duty 
types,  mechanical  locking  types,  polarized  relays, 
etc.  Available  for  operation  on  D.C.  or  A.C. 
circuits,  any  voltage,  any  contact  combination. 

Also  stepping  switches,  electric  counters,  solenoids, 
keys  ana  other  electrical  control  accessories.  Write 
for  complete  illustrated  catalogs. 


Americnn  Auiomatic  Eletiric  Sales  [ompony  I 
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